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That seeks and develops 


@ Inland metallurgists continually strive for 
perfection, a goal that can never be fully 
attained. Theirs is a constant search to ob- 
tain from the materials and the furnaces 
improved results in the making of Inland 
Steels. 

This work goes on endlessly in Inland’s 


efficient metallurgical laboratories. 


Hos 


new and better products 


We are determined to, derive the utmost 
from all our materials and facilities. Proc- 
esses and processing controls are improved 
as techniques are advanced . . . and new 
products for many uses are developed! 

Research . . . consistently and successfully 
applied . . . is a part of Inland’s service 
to you! 
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Effect of Water Vapor 
on Magnesium Alloys 


During Heat Treatment 


ly THE SOLUTION treatment at 720 to 730° F. 
of magnesium alloys containing 6% aluminum 
and 3% zine, an apparently anomalous behavior 
is occasionally encountered in the susceptibility 
of this alloy to “heat treat burning”. The condi- 
tion will occur occasionally without appearing on 
either previous or subsequent batches reaching the 
heat treating department. “Heat treat burning” 
has been ascribed to water vapor in the furnace 
atmosphere, and this paper presents some observa- 
tions on the effect. 

Heat treat burning manifests itself in three 
Ways: (a) exudation on the surface of the casting; 
b) formation of a gray-black powder on the sur- 
face of the casting; (c) voids on the surface and 
interior of the section being heat treated. The 
intensity of “burning” varies from none to the 
point where actual combustion occurs. 

The nominal composition of the alloy used in 
this investigation was aluminum, 6.0%; zine, 
3.0%; manganese, 0.15% min.; silicon, 0.30% 
max.; copper, 0.05% max.; nickel, 0.01% max.; 
other impurities, 0.30% max.; magnesium, 
remainder. A solution temperature range com- 
monly used for this alloy is 720 to 730° F. 

Heat treat burning can be caused by solution 
temperatures above 730° F., or by failure to pre- 
heat as-cast material slowly in the range from 650 
to (25! F. It has been observed, however, that 
burning can occur when neither of these condi- 





By R. F. Thomson 
D. B. Burks 
and W. E. Jominy 
Formerly of the Metallurgical Dept. 
Dodge-Chicago Division 
of Chrysler Corp. 


tions is violated. During an 
entire 2%-year period, this 
“burned” condition appeared 
on one laboratory furnace 
charge and on four production 
furnace loads; no other batch 
was visibly affected. In the 
laboratory, SO, was not regu- 
larly introduced into the fur- 
nace atmosphere, while all 
production batches were heated 
in an atmosphere containing 
0.5% SO,. On the last produc- 
tion load showing this condi- 
tion there was reason to believe 
that the SO, flow had been 
interrupted and that there was 
an appreciable amount of water 
vapor in the furnace atmos- 
phere. (It is interesting to note that no instance 
of burning was observed during the winter 
months.) An investigation was therefore carried 
out at Dodge-Chicago plant to determine the effect 
of water vapor in the presence and absence of 
SO, in the furnace atmosphere. 


Procedure . 


The atmosphere being investigated was bub- 
bled at the rate of 180 cc. per min. through an 
Erlenmeyer flask containing water at 175° F. This 
rate introduced 4 g. of water per hr. when air was 
used as the medium. The discharge end of the 
flask was connected to an iron pipe which 
extended through the cover of the furnace and dis- 
charged the humidified gas into another flask, 
inside the furnace, containing the samples. The 
discharge end of the iron tube was within 2 in. 
of the samples. The gas escaped from the furnace 
flask between the iron pipe and the neck of the 
Erlenmeyer. 

For control purposes, several samples of each 
type were placed in a weighing bottle covered with 
a ground glass and the bottle placed in the furnace 
beside the Erlenmeyer flask. While the seal was 
not perfect, the rate of flow of the atmosphere over 
these control samples was little or nothing. 

Three types of samples were selected from 
sand castings, as follows: 
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Fig. 1 — Cubes, ii «/ and 
Bars (at Top, Middle 

Bottom), Heated in Humid 
Atmosphere (Left) anid in Com. 
paratively Dry (Right), Both 
Free of SO2, 12.5 Hr. at 730° ¢ 


Several Samples of 
each type — cube, wal] 
and bar — were put in 
the Erlenmeyer flask 
inside the heat treating 
furnace. Corresponding 
samples were placed in 
the covered weighing 
bottle. The gas flow was 
started at the beginning 
of the following solution 
treatment cycle: 

Start furnace below 
500° F. 

Heat to 650° F. and hold 
15 min. 

Heat from 650° F. t 
solution temperature 
indicated in 2 hr. 
Hold at temperature for 
times indicated. 
Remove from furnace 
and air cool. 


3g-in. cubes cut from the 1%4-in. wall of a Samples were tested under four conditions, 
production casting. ‘These will be referred to in namely: humidified air, humidified SO), and 
what follows as “cubes”. humidified air carrying 0.6% SO,, all at 730° F.; 

A portion of a ,',-in. wall cut from a produc- and humidified air at 715° F. 
tion casting, hereinafter called “wall”. 

A %-in. shoulder from a test bar, called “bar” Results 


from time to time in the text. 
After sawing, the samples were polished Humidified Air at 730° F.— In the first test, 


through No. 0 abrasive paper on one face. compressed air was humidified and flushed over 


Fig. 2 and 3 — Microstructure at 40 X of Cubes Shown at Top Left and Right of Fig. 1, Respectively 


ge 
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(Cubes. Walls and Bars 


and Fig. 4 

and Top. Viddle and Bottom 
mid RespectivelY) Heated in Humid 
om- ttmosphere of Commercial SO, 
Both and in Dry, SO2-Free Air 
°F. Right), 14.5 Hr. at 730° F. 
> oO the samples for 12% hr., 
viens maintaining a solution tem- 

it in Ta erature of 730° F. The 
flask results obtained are shown 
ating in Fig. 1, in which the sam- 
ding ples subjected to the 

d in humidified air are on the 
nag left and the control sam- 
™ ples on the right. Samples 
ning at the top are cubes from 
tion the 134-in. section, those in 


the center are walls from 
the ;4-in. section and the 
bottom pieces are bars from 
the %4-in. diameter shoul- 
«te der of the test bar. 

ure It will be observed that 
heat treat burning is excep- 





ia tionally severe in the cubes 
ace when subjected to the 
humid air. The thinner 
ons, walls do not appear appre- 
ind ciably affected. There is 
F.; some burning in the heavy 
sections of the control cubes 
upper right of Fig. 1); 
mm this may be due to some 
\ 
est, 
= Fig. 5, 6, and 7 — Structure of Cubes Heated as Follows: 14.5 Hr. at 730° F. 


in Humid Atmosphere of Commercial SO,; 12 Hr. at 730° F. in Humid Atmos- 
phere With 0.6% SO; 12 Hr. at 715° F. in Humid Atmosphere (40x) 
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Table I — Effect of Atmosphere on Heat Treat Burning 


715° F. with hum ified air 





TEmM- 
PERATURE 


SECTION 
SIZE 


TIME 


ORIGINAL 


as an atmosphe: Visual 
comparison of th samples 
with those of Fig. | and 4 


BETA 
CoMPOUND 
RATING 


POROSITY 
RATING 





730° F.| 12% hr. humid air 


CONDITIONS | SAMPLE 
| 


Bar %* 
Wall Ys 
Cube 1% 

Bar %* 
Wall ts 
Cube 1% 

Bar %* 
Wall 1s 
Cube 1% 

Bar %* 
Wall ts 


humid SO, 


730 | 14% 


humid air with 
0.6% SO, 


730 


715 humid air 

















Cube | 1% in. 





showed them to be practi- 
cally as good as Fiz. 4, thus 
proving the pronounced 
beneficial effect of the lowe; 
temperature on suppressing 
the tendency for heat treat 
burning in the presence of 
water vapor. Figure 7, q 
photomicrograph of one of 
the cubes so treated, shows 
no appreciable heat treat 
burning. 


4 
3 


oorooQ we aon WNC | 








*Shoulder of test bar. 


water vapor leaking into the control sample 
weighing bottle. It is obvious, however, that 
burning decreases with the atmospheric flow. 

Figure 2 shows a section taken through 

one of the cubes shown at upper left of Fig. 
1. Practically no beta compound remains 
and the voids tend to have rounded corners. 
A sample removed at the end of 4 hr. 
showed about one-third the damage shown 
in Fig. 2. 

Figure 3 shows a section from the con- 
trol sample, upper right in Fig. 1. Here, 
again, the burning is less severe than in the 
sample exposed to humid air (Fig. 2), but 
the inception of voids at the beta compound 
areas is evident. 

Humidified SO, at 730° F. — When com- 
pressed air was replaced by a flow of humid- 
ified commercial SO, the burning was 
eliminated (Fig. 4), thus indicating the bene- 
ficial inhibiting action of the SO,. Figure 5 
was taken from a sample in the upper left of 
Fig. 4 and shows the resulting microstruc- 
ture. Some of these voids may be microshrinkage, 
since the cubes from 1%-in. sections were not com- 
pletely sound. 

Humidified Air With 0.6% SO, at 730° F.— 
Since most commercial heat treating is carried 
out using approximately 0.5% SO,, the experiment 
at 730° F. just described was repeated using a 
combination of SO, and humidified compressed air 
which showed on analysis 0.6% SO,. The results 
were indistinguishable from those shown in Fig. 4 
and it may be observed that this quantity of SO, 
is as efficient as 100% SO,. Figure 6 was taken 
from a sample subjected to humidified air contain- 
ing 0.6% SO. 

Humidified Air at 715° F.— We then tried the 
effect of reducing the solution temperature to 


Fig. 8 — Cube From Upper Left of Fig. 1 at 6X 


Results are summarized in Table I. If may 
be observed that under all conditions, the porosity 
and beta compound ratings decrease with decreas- 
ing section size. The porosity rating decreases 
with SO, in the atmosphere and with lower solu- 
tion temperature. The compound rating is slightly 
greater at 715 than at 730° F. 

Results of this investigation would indicate 
that at a solution heat treating temperature of 
730° F. burning may occur in a magnesium alloy 
containing 6% aluminum and 3% zinc in the 
absence of SO, and in the presence of water vapo 

Possible sources of water vapor in the atmos 
phere in a production heat treating furnace are: 

1. Normal amount of water vapor in the al. 

2. Possible water vapor in the SQ,. 
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3. Formation of hygroscopic water in iron 
sulphate which forms inside heat treating furnaces 
lined with sheet steel and using SO,. This amount 
of water may be appreciable, particularly if the 
furnace has been allowed to cool to 70° F. 

4. Occasional water in the pits beside the 
heat treating furnaces. 

Although this work was not comprehensive 
enough to permit a determination of the mech- 
anism of heat treat burning, speculation on this 
point is worth while. 

Figure 8 shows a cube cut from the 1%-in. 
sample — one of those shown in upper left of Fig. 
| —at somewhat greater magnification. The areas 
of burning are eruptions from the surface and 
appear like small volcanoes, indicating pressure 
from within. It seems, therefore, that burning 
might occur in the following manner: 

At about 730° F. the beta compound under- 
goes expansion — possibly a solid-to-liquid phase 
change— which results in the formation of 
“beads” on the surface of the castings. In the 
presence of water vapor this material undergoes 
oxidation with a further increase in volume, form- 


ing the craters seen in Fig. 8. In the interior of 
the section, when the casting cools, there is con- 
traction of the beta material and, because of high 
frictional losses and low head pressure, the previ- 
ously sound areas now have a deficiency of beta 
with consequent formation of voids. 


Conclusions 


The following conclusions may be drawn 
from this investigation: 

1. Water vapor at 730° F. is detrimental to 
this alloy. 

2. SO, has a definite inhibiting effect on 
burning in amounts as small as 0.6%. 

3. Heat treating at 715° F. appears to prevent 
burning even in the presence of appreciable quan- 
tities of water vapor. The solution of beta com- 
pound is not as complete, however, as after heating 
at 730° F. 

4. The tendency for burning increases with 
increase of section size in the range studied. 

5. The burning begins in the areas of beta 
Al-Mg-Zn compound. t ] 


Precise Measurements and Inspection 


by Stereoscopic Radiography 


Rapiocrapuic examination and _ inspection 
began to appear among the usual requirements of 
high-grade specifications for both metallic and 
nonmetallic materials during the years immedi- 
ately preceding World War II. The introduction 
of this searching as well as nondestructive 
method of testing has greatly improved the reli- 
ability of inspection for hidden internal defects 
and has realized formerly unattainable standards 
of quality. Furthermore, these improvements have 
been supplemented by economic gains, because 
tadiovraphic inspection has provided efficient 
mean- of studying the location, distribution, and 
size! internal defects and, hence, of recognizing 


and eliminating their cause, thus simultaneously 
reducing scrap losses and manufacturing costs. 
The extent to which radiographic inspection 
is employed in hollow steel blade manufacture by 
the Propeller Division of Curtiss-Wright Corp. 
may serve to illustrate its industrial importance. 
During peak operation, this company operated a 
total of nine X-ray units in its two steel blade 


By B. J. DeSimone 


Asst. Chief Engineering Metallurgist 
Curtiss-Wright Corp., Propeller Division 
Caldwell, N. J. 
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Fig. 1 — Scheme for Double Exposure on 
Rotated Object, Together With Geometric Deriva- 
tion of Formulas to Calculate the Position 
of a Defect From Known Angle of Rotation 
and Measured Relative Displacement of Images 


y _ lube Target 


—- 





© = total angle of rotation 

t = distance from target to axis of rotation 

h = defect-film distance (normal) 

d, and d,; = displacements from normal projection 
= h tan ¢, and h tan ¢, 

D = d, + d: = h (tan 6, + tan ¢,) (1) 


0 
a=tcos _ (2) 
From geometry of figure 
0 
b= a tan - 


c = (a — h) tan 9, 
e=a tan #, 
f=b-c 
d.=e-—-—b—f=e-2b+ec 
=atan¢,—2atan 9 
9 


+ (a h) tan ¢, = h tan 4, 


e 
2a tan — 
2 


whence tan #, ——e oe fon f, 
a-—h 
Substituting in (1) 
rs) rs) 
2a tan — h-2atan — 
D ! tan ¢, + | : tan 9, |] = : 
é ith manne i Ao 
— a h a-—h 
Da 
or h 
06 
2atan->- + D 
e 
Dt cos . 
Substituting (2) h= ——_ (3) 


_ 8 
2tsin => +D 
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plants, and these units consumed 274,000 «ft. of 
film per month. Each propeller blade i. radio. 
graphed four times at various stages of nianufae- 
ture in order to weed out defective blades at the 
earliest possible operation, and insure that all 
blades accepted for shipment be of reliable quality. 

The versatility and usefulness of radiographic 
inspection has been extended through the compar- 
atively recent introduction of densitometric thick. 
ness measurements and the development of micro 
and stereographic radiography. The densitometric 
method was described in an article by H. P. Moyer 
entitled “X-Rays Now Gage Propeller Blade Thick. 
ness”, published in Aviation, V. 43, No. 3, March 
1944. The present article is concerned with the 
stereographic method, which has been experi- 
mentally adapted to the measurement of wall 
thickness of hollow steel propeller blades and the 
determination of the exact location of minor 
defects in the materials of construction which 
might or might not be deleterious to the perform- 
ance of a propeller blade, depending upon whether 
they are located in areas characterized by a high 
stress level. 

Stereographic radiography has been practiced 
for several years but the methods usually 
employed were somewhat cumbersome, depending 
either upon calculations from two exposures or 
upon stereoscopic measurements with improvised 
equipment of low accuracy. 

All such methods, new or old, require two 
exposures of the area with the radiation at differ- 
ent angles. As a rule this effect is obtained by the 
rotation of the object while the X-ray tube remains 
stationary. When the geometry of the setup is 
known, the location of a defect can be determined 
from stereoscopic observation and measurements, 
or it can be calculated from the displacement of 
corresponding points on the two images of the 
defect with relation to each other, as explained in 
a somewhat simplified manner in Fig. 1. To obtain 
precise measurements of the location of a defect, it 
is necessary to control the rotation used between 
exposures; for the final determinations, it is obvi- 
ously desirable to have an instrument equipped 
with means for accurate and direct depth readings. 
So far as known to the author, the only instru- 
ment that permits such accurate and direct read- 
ings from two simple exposures is the so-called 
Orthoscope, marketed by Gutterson and Co., Inc., 
420 Lexington Ave., New York. This instrument! 
was adapted specifically to hollow blade inspection 
during the final stages of its development. 

Figure 1 illustrates the method of exposure 
of stereographic radiographs employed in «\pe! 
mental work at the Propeller Division of Curtiss 
Wright Corp. The external blade suriie © 
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with “landmarks” in the form of tung- 
sen carbide pellets whose X-ray images allow the 
blade surface to be “seen” in the Orthoscope. The 
blade is rotated about its longitudinal axes so that 
its positions during the two exposures are sym- 
ical about a plane perpendicular to the axis 
of the X-ray beam. One half of the film is shielded 
juring the first exposure and the other half during 
the second exposure. An automatic device con- 
trols both the blade rotation and the shifting of 
ihe shield and film. Equation (3) shows how the 
“depth” of the defect can be computed from the 
distance of the X-ray target from the center of 
rotation, the half-angle of rotation and the meas- 
ured displacement of the image on the film. 

Figure 2 shows the working principles of the 
Orthoscope for viewing a film exposed as indicated 
in Fig. 1. It has two pairs of parallel iridium- 
plated mirrors, each pair of which is set at 

a 45° angle with the plane of the film under 
observation. Each eye sees only the image 
transmitted by one of the pairs of matched 





















provided 





metr 





Fig. 3 — Photograph of Complete Instrument 


mirrors, and the two images appear as slightly 
different views of a single object — which in reality 
is a virtual image created by the two X-ray nega- 
lives. Figure 3 is a photograph of the actual 
instrument; the mirrors are in the upper compo- 
nent which resembles a desk lamp. 

Since the Orthoscope has no other 
‘components than plane mirrors, it requires no 
g. It determines the vertical position of 
a landmark or a defect by means of two identical 
hair © osses located in the plane of the film (see 
Pig. The horizontal distance between the 


optical 


focusin 


Observer's Eyes 


+ bas 


Mirror 





Locstion in Firsk 





thon in -_ 
ton sition af: 
Marker M. { } tn a 
film, _ A| Defect BY) | \ | 
| Difused Light | ; eee ght! 
Hy Detect ! 
Virtual Image-~*' ke 
Marker A-i<.-.---------Marker B 
Fig. 2 Viethod H lisalier Orthoscope Produces Vir- 


tual Image by Single View of Double-Exposed Film 


crosses is measured by a micrometer arrangement 
and any variation in this distance is, of course, 
interpreted by the eyes as vertical motion. The 
also can be moved over the films without 
changing the horizontal distance between them 
and they then appear to move in a _ horizontal 
plane. Variations in the distance between the 
crosses can be calibrated against depth either by 
calculation or empirically. On the Orthoscope, 
the “depth” dial is calibrated directly in mils. The 
illusion of depth, of course, can be increased by 
increasing the angle of rotation of the films 
between exposures, but rotations other than the 
standard would require a recalibration of the dial. 

This method of stereoscopic inspection is also 
applicable to plate thickness measurements, some- 
times required to supplement magnaflux or ordi- 
nary X-ray inspection. Such determinations are 
illustrated by Fig. 4, showing a transverse section 
through the edge of a Curtiss hollow steel propel- 
ler blade with internal brazed copper fillets (serv- 
ing to relieve stress concentrations caused by weid 
imperfections). The important dimensions that 
occasionally require checking by stereo-radio- 
graphs, are X, X’ and X”. 

With the aid of tungsten carbide landmarks, 
the X dimension could be measured to within 
+0.005 in. and X” to within +0.006 in. X’ could 


crosses 
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Fig. 4 — Transverse Section of Blade W ith 
Angle of Radiation in the Two Exposures 


not be determined with satisfactory precision 
because of the peculiar copper and steel com- 
bination in the path of the X-ray. Radio- 
graphically, copper is somewhat denser than steel, 
and at X”, the differences in absorption affecting 
rays to the left and right of the internal edge in 
the two exposures are sufficient to locate the edge. 
However, with the rays penetrating in toward the 
left, the absorption of the composite at X’ does not 
change abruptly enough to permit the desired 
measurements. 

To measure plate thickness it is generally 
possible to introduce tungsten carbide pellets on 
the inside of a blade —as on the surface of an 


Fig. 5 





inflated rubber bag. Experience has sh. wp that 
different observers are able to check reailings of 
the vertical positions of the pellets withiy, a range 
of 0.0025 in., and such method§ should therefore 


allow measurements of plate thickness with ap 
accuracy of +0.003 in. In Fig. 4, X and X” coulg 
have been measured with the same high precision 
except for the gradual change in the thickness of 
the copper fillet at X in the path of the X-ray. 
which accounts for the lower accuracy of +0.005 
to +0.006 in. 

The stereometric method described above pos- 
sesses certain advantages over the densitometric 
method that has been used by Curtiss Propeller 
Division since 1941 and was developed independ- 
ently of the work conducted by H. P. Moyer of the 
American Propeller Co. (described in Aviation tor 
March 1944). These stereographic measurements 
can be used to locate defects at any depth in a sec- 
tion, whereas the densitometric method is able to 
determine only the total material thickness. With 
the aid of the Orthoscope, the stereographic meas- 
urements can be obtained directly from a few read- 
ings, whereas densitometric determinations 
require comparatively numerous readings, and 
each thickness determination must be calculated 
on the basis of the individual calibration of each 
X-ray exposure. These advantages of stereographic 
exposure more than outweigh its somewhat more 
elaborate procedure. 6 


When Both Cross-Hairs Appear to Be a Single Cross Located Over 
the Image of the Defect, Its Depth Is Read Directly on Calibrated Dial 
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Wartime Develop- 


ments in 


Steel Castings” 


By G. Vennerholm 


Ford Motor Co. 
Dearborn, Michigan 


considerable extent, with one 
exception, namely, the applica- 
tion of bessemer converters. A 
number of steel foundries, in 
particular those manufacturing 
large quantities of smaller cast- 
ings, are now using what has 
been termed the triplex method, 
where the raw materials are 
melted in the cupola, the iron 
blown in the converter and then 
transferred to electric furnaces 
for further refining and alloy- 
ing additions. 

There has been much argu- 
ment as to the advantages and 
disadvantages of these new 
methods, but the writer can 
truly state, from his own expe- 
rience, that for mass produc- 
tion, the triplex method has 


A been a happy solution when a 
JALTHOUGH wartime developments in the gray iron continuous flow of metal is required. 

and malleable iron industries noted in the article in Molding — The advances made in new 
last month’s Metal Progress have been far reaching mold materials referred to in the article on 
and significant, the applications for the products have gray iron in last month’s Metal Progress apply 
been somewhat limited by the nature of the materials ‘ equally to the steel foundry. The molding 
used. No such limitation has hampered the steel technique has also been greatly improved as a 
foundries, since their material is the same as is used result of extensive studies of internal stresses, 
in other methods of manufacturing steel and the dif- mass effect, directional solidification, and the 


ference is only in the 
method of processing. 
This is best evidenced by 
the steel foundry output, 
which has increased by 
over 300% since 1939 to 
2,743,000 tons for 1943. 
Melting—— The equip- 
ment used by the found- 
ries for melting the steel 
has not altered to any 


tion of his address. 


introduction of the so- 
called atmospheric pres- 
sure method of risering. 
Considerable use of 
ceramic glazes for mold 
washes provides a new 
method of approach to 
the problems of “metal 
penetration” and the 
deleterious effect of mold 
gases. 


*This is the second portion of a paper presented before 
the Hartford Chapter © last winter. The first portion 
“Developments in Gray Iron and Malleable” was printed in 
the June issue of Metal Progress. The author wishes to 
express his appreciation to the Ford Motor Co. for permis- 
sion to use equipment, facilities and records in the prepara- 


Fig. 1 — Two 155-Mm. Cast Steel Armor-Piercing 
Shells After Penetrating 3-In. Plate Set at 35° Angle 
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The general trend in core making is toward Whereas the steel foundries prior to War 
the increased use of synthetic binders. Work on were not important users of alloys (with the 


various refractory materials for cores, such as exception of manganese, and small am: 
glass and others, shows considerable promise for molybdenum, copper and nickel), th 
special applications. increased requirements of physical and othe; 
Alloys and Heat Treatment -- By far the greal- properties have resulted in the adoption of steels 
est advance in the steel foundry has been accom- whose composition is similar to those used in the 
plished through the increased utilization of alloys wrought steel industry. Modifications of types 
and the extensive application of liquid quenching such as the S.A.E. 4100, 5100, 8400, and &s6o9 
in the heat treatment of castings. series are today accepted analyses of cast steels 

Extensive studies of hardenability have 
resulted in much better understanding of this all- 
important factor in obtaining maximum physical 
properties. Such information underlies the 
advance in heat treat technique. It is indeed 
encouraging to note that many steel foundries 
today are using Jominy hardenability tests as a 
routine method in* manufacturing control. 

Considerable attention is being focused on 
new steel specifications. It is to be hoped that 
before long detailed chemistry will be eliminated 
from the specification except for carburizing and 
weldable grades. Specifications should instead be 
based on physical properties obtained through a 
test coupon made in a standardized way, to indi- 
cate the response of the material to a predeter- 
mined heat treatment, coupled with hardenabilily 
factors indicating the minimum and sometimes the 
maximum hardness and distance on the Jominy 
bar for any particular carbon range and critical 
thickness. 

Isothermal annealing, austempering and mar- 
tempering treatments are rapidly finding increased 
applications in the heat treatment of certain types 
of steel castings. 

Inspection and Control — Largely through the 
efforts of the Army and Navy Ordnance Depart- 
ments, much attention is now being paid to the 
soundness of castings. This has resulted in the 
adaptation of radiography as a standard means for 
inspection in steel foundries. Several X-ray units 
of million-volt capacity are in operation and sev- 
eral two-million-volt units are under construction. 

Supplementing the X-ray, magnetic particle 
inspection and similar methods have also been 
utilized. 

Much attention is also directed toward 
improved methods of process control and, through 
the effort of the Society of Automotive Engineer’s 
War Engineering Board, recommended methods 
have now been worked out and published. 

Of importance also are the recommended 


Fig. 2 — Recoil Cylinders for 75-Mm. Gun — a’ 
Example of a Welded Assembly of Steel Casting 
That Requires Highest Quality and Shock Resistan 
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Welded Construction of Dia- 
for Aircraft Engine Super- 
charger. The supercharger is a turbo- 
compressor, driven by hot exhaust gas, 
and the “diaphragm” is a series of fixed 
vanes that direct the hot gas against the 
turbine buckets at the correct angle. In 
the construction shown the individual 
vanes are welded into slots in an inner 
and outer cast ring. All this is replaced 
now by a single casting, and the vanes 
themselves have airfoil cross sections 


Fig. 9 


phragn 


methods for repairing defective 
gray iron, malleable and steel 
castings which the Iron and 
Steel Committee of the S.A.E. 
has worked out at the request of 
the Ordnance Department and 
which have brought this whole 
subject out in the open. 

Typical Applications —In 
order to demonstrate the variety 
of uses to which steel castings 
have been put during the war 
and their importance in replac- 
ing fabricated assemblies and 
forgings, as well as their useful- 
ness as component members in 
welded assemblies and for high- 
temperature work, a selection of 
typical parts will be briefly 
described and some of them 
illustrated. 

Of all the assignments given the steel foundry 
industry during the war, none produced greater 
trouble than the casting of armor. No standards 
were available covering chemical composition, and 
the conventional methods of testing used in the 
past did not prove satisfactory to judge the 
behavior and qualities of this type of material, 
whose acceptance is based on bellistic perform- 
ance only — that is, the penetration of a projectile. 

The compositions first cast followed the trend 
of World War I, when high-alloy rolled armor 
steels were used. The serious shortage of alloys, 
however, resulted in extensive research which ulti- 
mately produced satisfactory low-alloy cast armor 
compositions which not only saved large tonnages 
of critical alloys, but — what is more important 

have produced large and complicated castings 
Which replaced many large fabricated assemblies 
for hulls, turrets, and transmission cases for tanks 
and armored cars. Numerous other smaller items 
Wer made of new alloys, thereby greatly simpli- 
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fying the manufacturing processes with resultant 
saving in time and labor. 

Many pictures were published during the war 
of American tanks, and readers will recall the 
transition in shape and silhouette from a structure 
composed of flat and bent plates with many square 
corners, to a functional body, smooth and rounded 
and offering the minimum frontal area for direct 
enemy attack. This important change in shape, 
with an equally important increase in durability, 
was possible only by the perfection of cast steel 
armor. 

Other important steel castings were used in 
armored equipment, of course, ranging from fan 
shrouds for the engine to axle housings, but these 
are items which have their peacetime counterparts 

although of less rugged construction. 

Extensive research which has been conducted 
in the development of better welding techniques 
and improved welding rods has increased the use 
of castings as component members in welded 








Fig. 4— Centrifugal ( usting 
Replaces Welded Lar ding. 
Gear Pivot for B-24 Bomber 


applications will doubt. 

less be permanent. Ap 

outstanding example of 

this substitution is the 

manufacture of cas} 

armor-piercing shells 

such as the 155-mm. shell 

(Fig. 1). Lack of forging 

capacity at the beginning 

of the war and inability to 

get the shells in the time 

required led to pains- 

taking research backed 

by confidence in casting 

methods. Trial and error 

led to encouraging 

improvements, particu- 

larly during the earl) 

stage. The resulting cast 

shells have proven supe- 

rior to forgings of simi- 

lar type; the fundamental 

reason for this per- 

formance, no doubt, is to 

be found in the freedom 

assemblies, as illustrated in Fig. 2, a 75-mm. gun- from directional properties inherent in castings. 
recoil cylinder. Figure 1, showing two shells which were fired 
Steel castings were widely substituted for through a 3-in. plate set at a 35° angle, is proof 
forgings during the war. With the greater free- of their performance. Another less spectacular, 
dom of design provided by casting, many such although equally useful, task set for the steel 


Fig. 5 — Complicated Internal Cores Required for These Spindle and Ball 
Sockets, Cast by Semicentrifugal Method, for Four-Wheel Drive Trucks 
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Fig. 6 — Nest of Spring Bearings for Tractor 
Tread Carriers; Casting Is Done by Centrifuging 


foundry was the production of mortar shells — 
hollow projectiles made by the million — cast fre- 
quently 16 or more in a single mold. 

Another vital part which was made by casting 
because of lack of forging facilities in the early 
Stages of the war is the crankshaft for the Ford 
975-hp. tank engine. This engine was adopted as 
Standard for the 30-tor medium tank and over 
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20,000 of these castings gave satisfactory service 
on the battlefronts of the world. Indicating the 
extent of inspection methods applied in the mod- 
ern foundry, this particular crankshaft is not only 
X-rayed 100% prior to acceptance in the machine 
shop, but is also magnafluxed at three different 
stages during machining operations. 

A landing-gear shock strut used in one of our 
best-known carrier fighter planes further illus- 
trates substitution of castings for forgings. Light- 
ness, strength, reliability all are paramount 
requirements. 

The vastly increased requirements of the air- 
craft industry for materials and parts suitable for 
operation at high temperature have led to some 
interesting castings. For instance, a nozzle-box 
diaphragm used in an aircraft engine supercharger 
was previously fabricated of numerous parts, 
necessitating a considerable amount of welding. 
Welded construction of this diaphragm is shown 
in Fig. 3, and cast construction described in the 
caption. 

Special Casting Methods—A discussion of 
developments in the ferrous casting industries 
would not be complete without touching upon the 
numerous special casting techniques which are 
finding ever-increasing applications. 

The most notable of these is doubtless the 
utilization of centrifugal force by rotating the 
mold at suitable speeds. This method has three 
variations: true centrifugal casting, in which the 
part to be made is spun around its own axis; 
semicentrifugal, in which the part is also spun 
around its own axis but a core of some nature is 
used to form the inside contour; and centrifuging, 
which consists of grouping the parts more or less 
in balance around an independent central axis. 
All three methods have been used extensively in 
both gray iron and steel foundries. 

Perhaps the most outstanding development 
utilizing the true centrifugal method is the manu- 
facture of large-caliber guns. This was concisely 
described by the Editor of Metal Progress in 
“Critical Points” for July 1945, after a visit to 
Dickson gun plant near Houston, Texas. Other 
important ordnance parts made in this way are 
cylinder barrels for aircraft engines (for which an 
elaborate conveyerized casting machine was 
installed) and landing-gear hinge pivots for bomb- 
ers (Fig. 4). 

Applications of the semicentrifugal method 
have been found in the manufacture of a large 
number of parts such as the spindle and ball 
sockets for four-wheel drive trucks and sprockets 
for medium tanks as well as light armored cars 
(Fig. 5). An example of a centrifuge casting is the 
spring bearing for universal carriers (Fig. 6). 
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Precision Castings — One of the most interest- 
ing adaptations of previously known methods 
from the viewpoint of future possibilities is in 
the field of precision casting. The so-called “lost- 
wax” method which forms the basis for this work 
has been lost and found several times in the last 
few hundred years, with the first record dating 
back to the 16th century. Prior to the war, the 
process was used extensively by the dental profes- 
sion and to some extent by manufacturing jewel- 
ers. With the steadily increasing requirements 
for new alloys and materials, many of which are 
almost impossible to machine, a new field of appli- 
cation was found for precision casting. Typical 
examples of parts made today are supercharger 
buckets of chromium-cobalt-tungsten alloys. The 
method was described in detail, with many photo- 
graphs, by Arthur E. Focke in September 1945 


Metal Progress. Perhaps of more far-reaching 


importance is the ability to cast intricate high 








Fig. 7 — Various Cutting Tools Manufactured 
by Lost-Wax Method of Molding and Casting 


speed steel tools such as cutters, reaijers 


drills to such close limits that only tic cuttip 
edges need grinding before use. Figure 7 show. 


such tools cast by the lost-wax method 

It might also be mentioned that considergbj, 
attention is also being directed toward vacuyy, 
and pressure methods of casting in both steel ang 
iron foundries. 


Conclusions 


The examples given in this article and jt 
forerunner published last month have reviewed 
the most notable wartime developments in the irop 
and steel casting industry, and the effect these 
developments have had on present-day practice. 

Experience gained by foundries during the 
war and their increased fields of activity should 
result in greater utilization of castings in the post. 
war period. 

The realization that all steels originally ar 
cast, and that the difference, therefore, between » 
casting and a forging is largely based on the effect 
of mechanical working in breaking up the cast 
structure, increasing the density and minimizing 
the effect of nonmetallic inclusions, has focused 
attention on new methods which will simulate 
the effect of mechanical working by introducing 
external or other forces on the casting that help 
to reduce grain size, minimize the tendency 
toward shrinkage, and in general increase the 
density. Such methods as centrifugal, vacuum 
and pressure casting have already found wide- 
spread application and are bringing us nearer | 
the ultimate goal — namely, equivalent properties 
in the finished part regardless of the method of 
manufacture used. s 


Epitor’s FooTNoTE ON GERMAN Practice — M. T 
Ganzauge and C. T. Briggs examined the German steel 
casting industry in 1945 (see The Foundry, April 1946) 
and reported that it was at about the U. S. level of 
1935, as far as equipment and metallurgical technique 
was concerned, although the quality of the steel pre 
duced — largely electric and converter —was quite 
adequate for the parts made. Surface of castings was 
poor; foundries were forced to use sands obtainable 
nearby and synthesize a mixture as best they might 
Advanced practices were noted as follows: 1. Almost 
universal use of core blowing machines and rubber 
lined core boxes. 2. Casting of shells, point down, © 
solid cast iron permanent molds (like an ingot mold 
with cores and pouring basin made of core sand. 3 
Centrifugal casting of gun tubes: A water-jacketed 
mold of Cr-Mo steel plate was rotated at high speed. 
Down the axis of this was thrust a slotted pipe filled 
with preheated fine silica sand, and enough sand 
dumped by turning the pipe to form a lining 0.10 1. 
thick. The mold was then tilted 5°, and a weighed 
amount of hot steel poured into its mouth. Life of the 
molds was 500 to 2000 casts. 
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Critical Points 


|' WOULD BE nice to go around the beautiful 
new Cleveland laboratory of the Aluminum Co. 
of America with Louis Kempr at the same time he 
vis showing its equipment and conveniences to 
A\y Jeveries and Bow Arcuer, his former asso- 
ites. That team of men worked together for 
vears and developed many of the strong casting 
illovs and heat treatments now widely used. They 
vould undoubtedly contrast the spaciousness 
magnificence even of the present building and 
iis wealth of special equipment with the facilities 
they enjoyed in the °20’s. Imagine an experimental 
loundry two stories high, with melting furnaces 
under huge hoods and powerful 
exhausts (no trace of smoke or 


{ Vodern ; 
dust), with tiled floors swept 


Kesearcl . : 
; ; and mopped nightly, with south 
aboratory exposure solidly glazed with blue 


actinie glass! Corridors tastily 
decorated in pastel shades! A heat treatment lab- 
oratory with rows of pit furnaces, quenching tanks 
ind aging furnaces gleaming like a modern hotel 
sitchen and smelling just as good! Special rooms 
lor special testing machines! Engine test blocks 
in sound-proofed cubicles, operated by remote 
control! Three radjographic rooms for parts large 
and small, arranged around a central dark room 
Wonderful equipment with 
wonderful opportunities for production! .. . 


and Viewing room! 


his Cleveland laboratory is responsible for ie 
i the many subdivisions of research work under- 
taken by Aleoa. One, under general direction of 
Kent Van ‘Horn, past president @, devotes itself to 
foundry and forge plant alloys and_ practices, 
Whereas the other devotes itself to the improve- 
mento! the product and the development of new 
wes really a part of the Development Division, 
headed by Frank JarpINE). As an illustration of 


By The Editor 


the first class of problems could be cited an 
extended study of foundry and core sands 
that has devised proper formulas for syn- 
thetic sands, now standardized for use in 
Aleoa foundries. As an illustration of the 
second class of problems, take the stress 
analysis laboratory that studies completed 
castings or forgings received from custom- 
ers; especially interesting is work on high 
speed machinery parts, painted with 
Stresscoat, spun in an evacuated whirl pit, 
and locations of high stress and dangerous 
fatigue areas spotted by the crazing of the 
brittle coating. (The right Stresscoat 
for there are several modifications when 
properly applied and expertly interpreted, 
can give a good idea of the magnitude of the over- 
stress, but is especially valuable in fixing the exact 
place to put precise strain gages for quantitative 
studies.) Finally, the problem of new uses can be 
illustrated by the extensive work on gas engines 
with engine block and cylin- 
der head of alloy formulated 
All-Aluminum 


Gas Engines 


from aireraft serap, pistons 
and connecting rods of alloys 
especially suited for those 
services. Aluminum’s light weight, better thermal 
efliciency, and improved characteristics of gas 
combustion have, in the past, been overbalanced by 
the necessity of a hard eylinder liner and the 
greater cost of aluminum over alloy iron, Today, 
with labor costs in the machine shop at ceiling 
and above, the superior machinability of the alu 
minum block bids fair to wipe out that differential. 
Another achievement of the development labora- 
tory that is accomplished rather than hoped for 
is the much publicized piano frame made of alu- 
minum. This has been accepted by piano 
manufacturers so readily because the full-sized 
self-supporting aluminum frame weighs 110 Ib. 
and can be handled and strung by one workman; 
the conventional nay, historic cast-iron frame 
weighs about 200 Ib. and requires two workmen 


to man-handle. 


5 igs ADAPT my favorite hackneyed clause to the 

situation: “The Aleoa laboratory reminds me 
of the metallurgical department of the National 
Bureau of Standards it is so different.” Also it 
makes me think of the time, near the end of World 
War I, when I changed my engineering job for an 
editorial post with McGraw-Hill, and I visited the 
late Prof. Joserpn W. Ricnanrvs at Lehigh Univer- 
sity. At that time he had one of the famous names 
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in American metallurgy, was an international 
authority on aluminum, and was a most honored 
teacher. Imagine my disappointment, therefore, 
to find his laboratory in a dark basement, con- 
sisting of some benches, an anvil, a few piles 
of firebrick, and some rusty furnace shells 
antiques even for those antiquated days. Such 
Raggedy-Ann handicaps to technical education 
and scientific research — and, believe me, they still 
always come to mind when inspecting the 
roomy, spick-and-span, shiny 
laboratories and workshops 
that have been built during 
World War II and financed by 
the inexhaustible resources of 
the War Department. 

Regret that we have millions for the arts of war 
but only pennies for the sciences of peace is again 
the principal reaction of a visit to the famous 
metallurgical division of the National Bureau of 
Standards in Washington. Regret-—but also 
amazement that so much good work has _ been 
produced with such poverty-stricken, down-at-the- 
heel, cluttered installations. Nothing, it is sure, 
could give a greater lift to the morale of the men 
in that institution than a good house cleaning (or 
even a first-class fire) that would clear away the 
accumulated junk if only we could be sure it 
would be replaced with equipment worthy of the 
men and their responsibilities! . Fair words 
are now being spoken by eminent scientists and 
engineers about the bill pending in the Congress 
to establish a National Science Foundation, “an 
active partnership between government and _sci- 
ence”. One must be rather optimistic to believe 
that future Congresses will be more liberal in 
financing the Science Foundation than the old 
ones have been in financing the Bureau. When we 
labor to provide measures that will prevent polit- 
ical log rolling from interfering with scientific 
research, let us also remember that financial 
neglect is almost equally a blight. 


exist! 


A Run-Down 
Research 
Laboratory 


NTRIGUED by the report 
that the Maritime Commission had_ issued 
body armor made of plastic to lifeboat crews. 
Plastic plates instead of tough manganese steel! 
So got the truth from Col. Rene R. Stupter in the 
research and development service of the Army 
Ordnance Department, who told me about the 
changes in “flak suits” for aviators, and the 
armored vests produced in large numbers for 
ground troops toward the end of the war. 
“Plastics” are indeed used to a great extent, but 
in the form of multiple layers of heavy nylon 
duck —-the modern prototype of the ancient 
quilted armor. This quilting is between plates of 


perhaps erroneous 
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metal (cut in 3 by 5-in. oblongs 
and sewed into a system of over. 


Aluminum |. jing pock 

fer Body lapping po¢ ets in a canyas 
‘ - jacket) and the soldier's heayy 
Armor clothing, which in itself lend 


considerable aid to the nylop 
layers in slowing down or trapping smal, sharp, 
Metal plates were originally 


jagged fragments. 
of Hadfield’s manganese steel, 0.045 in. thick, by 
an equal weight of 24S-T aluminum alloy was 
found much superior in resistance to shell frag- 
ments. Finally aluminum alloy 75S-T was 
adopted as standard, because the “punchings” 
produced by sub-fatal penetrations were more 
regular in shape and did not knife their way 
through the quilting into the soldier’s body. The 
early manganese steel vest (front and back) had 
3.8 sq.ft. area and weighed 17 Ib. 6 0z.; the most 
recent 75S-T aluminum nylon vest (front and 
back) covers about 50° more area, weighs less 
(16 Ib. 15 0z.) and has approximately equal 
resistance to fragments... .. No soldier can carry 
around enough protection to stop a rifle bullet or 
similar high speed projectile, but statistics show 
that less than 20° of battle casualties are from 
bullets 
ments. The first problem tackled by the armorers 
was to protect aviators from fragments of anti- 


soldiers in action are hit by shell frag- 


aircraft, or 20-mm. high explosive shells fired by 
German fighter planes and exploding on contact 
with the fuselage. On the average, to produce a 
casualty, the fragment will weigh about 0.05 oz. 
and travel at about 2500 ft. per sec. when tt 
reaches the aviator. On averages, this is the 
fragment that does the preventable damage, and 
this must be stopped by armor. Relative 
merit of an armor combination is measured in the 
ingenious “20-mm. triangular fragmentation test” 
Equipment consists of three long, tunne!-like 
boxes, laid out at 120° each t 
‘Behind the each, with open ends rape a 
. oe common center ai which ts sus 
Sample pended a 20-mm. high explosive 
Evaluation shell. Over the open ends are 
placed identical samples 
armor to be tested. Behind the samples, fixed int 
the boxes normal to the axes, at regular spacings. 
are frames holding stretched aluminum sheels 
which separate each tunnel into a series of com 
partments or zones. After the shell is exploded 
the tunnels are opened and the fragments in each 
zone are Weighed. Summation of weights mult 
plied by the number of zones penetrated gives # 


merit figure for the armor under test, which 's 4 
of the 


This 


rela- 


measure of the casualty-producing ability 
fragments after penetration of the armo! 
in effect. gives a direct measurement of 




















ad 


st 


nd 


hy 


nd 


‘ive efficiency of different types of armor in pre- 
ig deaths and reducing the seriousness of 
cian for obviously, only the fragments that 
gt through the armor can cause injury. .... This 
“behind the sample” evaluation has paid large 
jividends in saving the lives of American soldiers. 
records of the Eighth Army Air Force, covering 
58 men struck by enemy missiles, show a reduc- 
tion of 80% in expected wounds and 50% in cer- 
iain deaths avoided when body armor was worn. 


yentir 


SINCE most good ideas come from others, let me 
along the following quotation from the 
Washington Letter which Haro.p K. 
Howe sends occasionally to his friends and cus- 
“The Lord’s Prayer contains 71 words, 
Lincoln’s Gettysburg Address some 267, and the 
in 
about 800 words, but recently it took the O.P.A. 
2500 to raise the price of cabbage seeds 1¢ per Ib.” 


pass 
La Salle 


tomers: 
in Genesis 


creation of the world is described 


Wonder where Harovp heard that one! 





\I' Barvucu, United States member, proposed 
LYE to the United Nations Atomic Energy Com- 
mission the establishment of an International 
A\tomie Authority (much as developed in the State 
Department’s pamphlet abstracted in Metal Prog- 
vss for May, page 992, and which should be 
studied when making any appraisal of alternative 
plans This provides that the countries which 
developed the bomb would gradually turn over to 
the Authority their scientific and technical infor- 
mation as well as their stocks of fissionable mate- 
rials and completed bombs and manufacturing 
plants as soon as it is apparent that the control 
system is adequate and proper, and enforceable 
for violation have been established. <A 
fundamental part of the plan is that no part of 
these operations may be blocked by veto of any 
nation. President TRUMAN, In a press conference, 
said later that Mr. Barucu’s proposals represented 
he policy and aims of the U. S. Government. 

Representatives of United Kingdom, Canada, 
Mexico and Brazil formally approved the 

\merican plan as a basis for discussion. 
ANDREI GromYKo, Russian member of the 
‘nited Nations Atomic Energy Commission, in the 
irse of a long address on June 19 made no refer- 
nee to the American plan, but proposed an alter- 
‘agreement to forbid the production and 
ise of Weapons based upon the use of atomic 
energy tor the purposes of mass destruction, fol- 
lowed by other measures to set up a system of 
supervision and control to see that the agreements 
ire observed, as well as sanctions against unlawful 
ise of atomic energy... .. Besides this, it is indis- 
pensable that there should be an exchange of scien- 
tite information between countries and joint 
efforts toward broadening the use of 
energy to raise the material welfare of the 

and develop science and culture’ 
» proceed with this plan Mr. GromMyko pro- 
ose the appointment of two committees, one for 
Xchange of scientific discoveries connected 
With obtaining and using atomic energy, informa- 
Hon about the technological processes used, the 
al production methods, and forms, sources 


penalties 


China, 


hative 


sclentifie 





The Russian Plan for Atomic Control 


The second committee would draft agreements 
to outlaw atomic weapons and devise plans for 
their observance and enforcement. He emphasized 
that ‘‘the activity of the Commission for the Con- 
trol of Atomic Energy can lead to the desired 
result only if it is in full conformity with the prin- 
ciples of the Charter of the United Nations, which 
are at the basis of the activity of the Security 
Council, the Commission is an organ of 
this organization. Efforts made to undermine the 
activity of the Security Council, including efforts 
directed to undermine the unanimity of the mem- 
bers of the Security Council, are incompatible with 
the interests of the United Nations.* I consider it 
necessary to make this statement in order that 
from the very beginning I might make clear the 
position of the Soviet Government.’’ 

Mr. Gromyko outlined such a self-denying 
ordinance as might be prepared by the second pro 
posed committee as follows: 

‘The high contracting parties solemnly 
declare that they will forbid the production and 
use of a weapon upon the use of atomic 
energy, and with this in view, take upon themselves 
the following obligations: (a) Not to Use, in any 
circumstances, an atemic weapon; To forbid 
the production and keeping of a Weapon based 
upon the use of atomic energy; (c) To destroy 
within a period of three months from the entry 
into force of this agreement all stocks of atomic 
energy weapons, whether in a finished or semi-fin- 
ished condition. 

‘*Any violation of this agreement shall consti- 
tute a serious crime against humanity, and the 
high contracting parties shall pass legislation pro 
viding severe punishment for violation. 

‘*The agreement shall be of indefinite dura- 
tion and open for signature of all States, whether 
or not they are members of the United Nations. It 
shall come into force after approval by the Secu- 
rity Council and after ratification by half of the 
signature States. After its entry into force, it 
shall be an obligation upon all States, whether 


because 


based 


(bh) 


members or not of the United Nations.”’ 


The Russians, therefore, insist on 


* Editor's Note 








ine ations of necessary raw materials. retaining the veto in future decisions on atomic matters 
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tures between 275 and 459 
F. when the engine is oper 


Use of Stainless Steel ing, oulees aa 


taken to insulate and ty 
cool the skin — procedures 
that are costly from the 
weight standpoint. 


. It has been found by A. 

as a Structural Material — &fiee} ' 
and J. E. Dorn at the Uni. 

versity of California during 

a study of stress-rupture 

and creep at elevated tenm- 

perature, and published 4s 

XII of the “Fing 


in Jet-Propelled Atreraft tems ine sisi 


Forming Properties of Aly 





minum Alloy Sheet at Eb. 
vated Temperature” ( Rep 
W-216, N.R.C. No. 54s 
1945) that the comm 
used aluminum alloys 
subject to the phenom 


ly THE PAST airplanes built wholly from stain- of stress-rupture such that the breaking str 
less steel have not proven to be as efficient as of the skin is very materially reduced il 


their duralumin counterparts. Stainless steel has temperature after operating at moderate lemp 
not proven to be an efficient structural material tures for 1000 hr. Some data for alelad 245-1 
in airframe construction for the following rea- 24S-T81 are given in Fig. 1 wherein the plot 
sons: As the principal function of airframe skin points were obtained during continuous heal 
is to carry shear, other things being the same, the and constant stress for the indicated pertods 
same weight sheet of stainless steel will buckle al 
about one-third the stress that will cause dural- 
umin sheet to buckle. Over the forward 30% 50 
of an airplane the drag is very seriously increased 





by even slight protuberances such as rivet heads 
and skin wrinkles, therefore a much greater weight 
in stainless steel skin is required to preserve 
smoothness of contour by providing sufficient 
thickness (bulk). 

In the design of jet-propelled aircraft new 
problems have arisen that give a weight and 
strength advantage to the use of stainless steel for 
the rear two-thirds of the fuselage. Most contem- 
porary aircraft of this sort house the jet engine 
within the fuselage, aft of the pilot. This inboard 
installation heats the fuselage skin to tempera- 








Tensile Stress, 1000 Psi 


248-T at 375% - OO. 
Fig. 1 — Log-Log Plot of Stress-Rupture of Two | 
Aiclad Alloys, Tested as 0.040-In. Sheet, Sam- 0 
ples Cut Cross Grain (Flanigan, Tedsen and Ol 10 /00 
Dorn, Report W-216, N.R.C. No. 548, 1945) Fracture Time, Hr 
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“| Fig. 2 Consolidated Vultee X P-81 Fighter, Speed rectly under the pressurized cabin; exhaust of the rear 
+" Vore Than 500 Miles per Hr., Powered With Gen- engine is through the tail. Combined power is about 
- eral Electric TG-100 (**Propjet”) Engine and Four- equal to the four engines on a B-29 Superfortress. 
' Blade, 12-Ft. Propeller in Nose, and G.E. 1-40 Jet Some details of the 1-40 engine are given in the 
. Engine in Rear. Exhaust of the front engine is di- article on superalloys for jets starting on page 97 
ere lime. Sinee the jet-propelled airplane operates mandatory lo insulate and cool the fuselage struc 
" lora few hours at most and then cools off, it might ture if it is to be made of duralumin, The extra 
lol be questioned whether such interrupted service at weight of such apparatus permits the reconsidera- | 
ne high temperature is definitely harmful to the tion of stainless steel, which is not weakened until ) 
ds strength properties of these aluminum alloys that very high temperatures are reached 
have been so successful under atmospheric condi- Basically, stainless steel has the same 
lions. However, the short time tensile properties strength-to-weight ratio as duralumin, as shown 
= | the aluminum alloys were also studied by in Table I; it is only the buckling characteristics 
Messrs. Flanigan, Tedsen and Dorn, and the drop of stainless that rule against its use. If buckling 
i strength with temperature is roughly parallel can be permitted, then stainless steel will carry 
the curves in Fig. 1. Since the operation of the as much shear for the same weight structure. If 
el fuselage is probably somewhere between a con- so happens that the boundary layer (the layer of 
dition of steady stress and a condition of maxi- air adjacent to the skin moving at a speed less 
mum load, both the stress-rupture and the short than the free stream velocity essentially stag- 
Ne ‘ime tensile stresses are important. Knowing that nant air) is only a few thousandths of an inch 
_\ owered values of both stresses occur at the tem- thick at the front of the airplane, but the layet 
— peratures encountered in’ operation, it) becomes has increased to about 3 in. thick at midlength 
Table I— Comparison of Physical Properties of 18-8 and Duralumin 
Fi, , a - F E DENSITY F 
(9.088 IN.) ULtimate PENSIL ULTIMATE SHEAR 10)" L.n./IN DENSITY 
TENSILE YIELD STRENGTH 
18-8 | hard 160,000 185,000 100,000 27 0.286 6.47 x 10° 
- -4S-T slelad 39,000 59,000 36,000 10 0.100 5.9 X10 
u 248-7] alclad 62,000 66,000 38,000 10) 0.100 6.6 10 
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of the fuselage, and to 4 in. at the tail 





cone on a typical jet fighter. It is appar- 
ent, then, that wrinkles in the fuselage 
over the latter two-thirds of its length 
will not appreciably alter the drag of 
such an airplane, particularly if these 
wrinkles only occur during severe 
maneuvers and not in steady, level flight. 
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Due to the conditions enumerated 
that favor the use of stainless steel, it 
was the author’s suggestion that this 
material be considered for the aft two- 
thirds of the fuselage and (following 
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NN 














this suggestion) it has been possible in 
one jet fighter to achieve a 20% weight 
saving over duralumin by using stainless 
skin, bulkheads, and stiffeners for the 
portion of the fuselage from the pilot’s 
seat aft. 

This is an application of modern 


RA nyy 

















metals to modern machines that requires 
the combined experience and informa- 
tion of various specialists in order to 
arrive at a correct decision. Management 
will not only ask metallurgists about the 
properties Of the various materials, but 
also the design engineers and the stress 
analysts about the loads these materials must 
-arry. In order to understand some of the answers 
the stress analysts will give, and in order to sup- 
port some of the statements made, let us consider 
in some detail the buckling resistance of sheet 
metal. According to the first chapter in publica- 
tion ANC-5 of the Army-Navy-Civil Committee on 
Aircraft Design Criteria (“Strength of Aircraft 
Elements”) the formula for buckling stress in 
shear is: 





F,..=KE (t/b)2 














ay re 
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where F,., = shear stress required to buckle the panel 
in psi. 
E = modulus of elasticity in psi. 
K =a constant, a function of the length and 
width of the panel. 
t = thickness of the skin in in. 
b =}short side of panel in in. 


If two panels are compared, one stainless steel 
and the other duralumin, with equal length, width 
and weight, then: 














P 


Fig. 3— Sketch Showing Manner in Which Truss 
and Sheet Metal Panels Resist Shear Analogous! 


K-27 < 10°(t/2.86b)* 
K-10 x 10°(t/b)- 


F... (for steel) 
F... (for duralumin) 
(1) 
0.33 
(2) 

The buckling strength of the stainless stee! 
panel then is shown to be only one-third that of a 
duralumin panel of equal size and weight. 

The manner in which a sheet metal pane! 
resists shear may be likened to an X-frame truss, 
as shown in Fig. 3(a). The vertical shear load P 
applied to the X-truss produces a tensile load in 
one diagonal and a compression load in the other 
If both diagonals have the same rigidity the 
induced loads will be equal. Similarly, if a thick 
sheet —as shown in Fig. 3(c) —is loaded by a 
vertical load P and it does not buckle, equal com- 
pression and tensile stresses will exist, as shown 
in the sketch. 

However, if the shear panel is made o! thin 
sheet and the stress is such as to cause buckling, 
then the panel can still resist the load by diagonal 
tension as shown in sketch (d). A sheet metal 
panel resisting shear by diagonal tension is analo- 
gous to a frame such as shown in Fig. 3/0) 
wherein only the tension diagonal exists and " 
must carry the entire shear load, namely, ?\ *: 

If it is permissible that a shear panel buckle, 
then the strength of two panel materials may be 
compared not on the basis of their buckling resist 
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To validate the theo- 
retical considerations 
presented, a full-size 
stainless steel shear panel 
similar to that shown 
hatched in Fig. 4 was 
constructed of 0.016-in. 
sheet. This is shown in 
Fig. 5, page 88. It was 
fixed solidly along its left 
edge, loaded by a jack 
under its lower right 
corner and the stresses 
acting al many points 
were determined, For our 


hig. 1— Sketch of Mirplane, Illustrating Manner in 
Which Fuselage Resists Maneuver Loads on Tail Surfaces 


J 














present discussion we 
are mostly interested in 
the stresses at the mid- 
point of the web; these 
were measured by means 
of two equilateral electric 
strain gage rosettes (as 
shown in the sketch at 
left) mounted back to 


ance but almost solely on their ulti- A back on the inside and outside of 
mate tensile strength. On the latter 8 the cover sheet. Readings of the 
basis it can be seen from Table I two rosettes were averaged to 
| that 18-8 should theoretically carry —_t eliminate the effect of buckling; 
: as much shear load for the same data are tabulated in Table II, 
weight as an equivalent duralumin below. From the data obtained 
panel. fy and plotted in Fig. 6 (page 88) 


It was stated in the early part ‘a it can be shown that the panel 
of this article that the function of 
the skin of an airframe is solely that 
of carrying shear. This may be 
illustrated by Fig. 4. A section of 


Table Il — Strain Gage Data Obtained From Stainless Steel 
Shear Panel Under Various Loads 














" fuselage skin has been hatched for Factor+ 1000 Ls. 2000 Le. 5000 Ln. 10,000* La. 12,500 Lr, 
P identification, and isolated (at left, a - ; -. 
" below) so that the forces acting . — rong ees ior r6ets 
: e: +77 + 160.5 +701 +1451 + 1,615 
upon this section of the fuselage e 69.5 126.5 224.5 371.5 619 
" may be investigated. If the pilot f> +1800 +3470 + 19,600 +41.700 + 50.000 
initiates a maneuver such that a fe 1630 3600 3,000 2,500 4,200 
. down load P acts on the horizontal - 416%" 53° 48°" 47%" 43'%° 
i lail surfaces, then this force causes . si sete sss 11,200 22,000 26,800 4 
7 the airplane to rotate about some - 2400 4800 12,000 24,000 30,000 
axis about 30% aft of the wing lead- = - 
ing edge. The load P is resisted by *Double amplitude of wriakles = % in. 
’ the polar moment of inertia of the 
, fuselage mass, producing shear in *where E 27.5 X 10° psi. ; 
| the fuselage skin, and bending in the ; p pore on a se 
a eee hg aes poi a average axien strain, micro in./in. along axis of 
TD 4). Renton tn aeten <a 
§- +). can be seen that the fuse- 3) angle between f, and axis of strain gage No. 1. 
lage then acts like a box beam with f oi2-y) shear stress parallel to X or Y axis in shear panel, 
curved webs, analogous to two can- : L sens ; ; 
, tilevered channel beams in a bridee ; vertical re load apotted to shear panel, lb. 
. cae ‘ i height of shear panel projected, in. 
oF bi ‘ding. t skin thickness of shear panel, in. 
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carries 84 of the applied shear by diag: ten- 

sion at a load of 12,500 lb. The panel broj.. hen , 

carrying a shear load of 18,000 Ib., yet if bucklin; th 

were not permissible this panel could o; Wis 

carried 2000 Ib. vertical shear load. i 
According to a private communication fro 

V. N. Krivobok the behavior of several common) 

used stainless steels in various tempers at mod- 

erate temperatures has been investigated and wil! 

soon be available in published form. Some dats | 

are presented on the high temperature stress. 

rupture properties of stainless steel in ¢. 1 

Evans’s article on “Wrought Heat Resisting Alloys ve 

for Gas Turbine Service” in Metal Progress last bl 

November, although the temperatures investigated I 

are much higher than the moderate ones endured e 

in aircraft fuselages. tu 
Some other related information on strength ue 

properties is contained in an article by R. R. Ken- - 

nedy on “Creep Characteristics of Aluminum . 

Alloys” in Proceedings of the American Society fo: 

Testing Materials for 1935, and in Circular C-447 th 

of the National Bureau of Standards (“Mechanical 

Properties of Metals and Alloys”, 1943 edition). @ ae 


Fig. 6 Principal Stresses Measured on Stain- en 
less Steel Shear Panel; Notation as in Table II Cit 





Fig. 5 — Shear Panel of 18-8 Under Buckling 


















Load (by Jack, Lifting at Lower Right Corner) 50 | | | . a 7 ") ‘i 
| y | | 
| | 
| } | | | S\ 
iRn knee r 
a | | | w ine 
go} ttt +14 ht 
“ | | | | eoretica ‘ 
9 | | 4 
9 Ke 
§ Or zz 4 Shuey . 
s | | .-4-“measured from en 
DB A | strain gages mi 
A | Vi 
tah 1 
> : /0 —> —_ 4 lp (lg/5 } bee 
> Il eS | 7 , 
Bits & Pieces L Bucking Ensues : 
——B bee + | ' 
io | ber h 
O L i l | i a a nee Wi 
O 5000 10.000 rig 
Shear Load, P, Lb. ir 
le 
Pick-Up for Tiny Parts parts. The belt traveled past them taste! than pu 
they could pick up the parts, but not faster than if 
NOTHER industrial use for sponge rubber they could work. The chief trouble was that th 
fX may solve assembly problems in plants other girls fumbled the tiny parts and couldn't get them in 
than the one where it was first successfully off the table at the speed necessary to keep UP ek 
installed. with the production line. MU 
Employees were having difficulty picking up We suggested that the traveling table be os 
the small subassemblies and even smaller metal covered with a thin slab of sponge rubber. It el 
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The sponge rubber slab was 1x in. thick; 
could get their fingers into it far enough 
(A. M. Frara, The 


wol ked 


the girls 
to pick up the smallest parts, 


drich Co.) 


Special Alloys for Gun Synchronizer 


\ THE DESIGN of the Fairchild electronic syn- 
chronizer for airborne guns, which times the 
fring of three 0.50-caliber machine guns and pro- 
vides safe passage for the bullets through a three- 
bladed propeller rotating at speeds from 800 to 
[ rp.m., we made good use of two alloys 
entirely new to us and perhaps to most manufac- 
turers. These alloys were “KR-Monel” and, par- 
ticularly, “Hiperco”, and were used in the 
trigger-motor armature and the trigger-motor cen- 
ler core, respectively. 

After experimenting with several metals for 
the armature, we came to a dead end because we 
could find none that would meet the over-all speci- 
weight, high strength, high 
resistivity, nonmagnetic properties, heat treatable 
Rockwell C-38, yet machinable and ductile 
enough for cold work. The nonmagnetic specifi- 
cation Was particularly important because the 
mature must operate between the poles of a 
powerful electromagnet. High electrical resistivity 
was also essential because the operation of the 


fications of light 


swnehronizer induces a relatively high surge volt- 
age in the armature, and if the resistance were 
not high, excessive power would be lost due to 
induced eddy-currents. Further, the metal had 
0 resist corrosion, scaling, fatigue, and warpage 
n jungle heat and stratosphere cold. 

The alloy meeting all these specifications was 
lound to be KR-Monel, a variety of the age hard- 
enable alloy that is slightly higher in carbon and 
more readily machinable than K-Monel. 
Vercoming obstacles encountered with previously 


Besides 


ested metals, it achieves lightness and economy of 
space because of its great strength; as is shown in 
the accompanying view the armature is made 
with thin perforated sections and still retains 
rigidity, Ineidentally, although the wall of the 
mature is only 0.013 in. thick, the armature 
delivers a “punch” of 50 Ib. 

In the trigger-motor center core, Hiperco was 
pul to one of its first commercial uses. A product 
t Westinghouse Electric Corp., this alloy consists 
“approximately one-third cobalt, two-thirds iron, 
and 1 to 2% of saother element to increase the 
leetrical resistivity. (This alloy is not to be con- 
‘used with cobalt permanent magnet steel.) We 
found in it the solution to our main design prob- 


le ; ' 
em here, namely, the reduction of over-all size. 





A Machine Gun Svnchronizer Part 


Made of a Special Monel Metal 


With two coils surrounding it, this center 
core is in a strategic position in the assembly, as 
its size determines the relative sizes of the coils 
and the outer magnetic shell. Ut takes the form 
of a small spool. Hipereo can be operated at a 
higher magnetic flux density than other available 
alloys and thus permits a smaller diameter core 
for the same force. The over-all cumulative effect 
gives a reduction in weight of about 25°7, besides 
a reduction in size and power consumption, Since 
every possible expedient has to be taken to limit 
the size of the core, Hiperco is ideal for this part, 
bringing about required reduction in volume with- 
out reducing its ability to carry the necessary 
magnetic flux. (Herpertr C. Rovers, director of 
research, Fairchild Camera & Instrument Corp.) 


Mechanized Mold Preparation 


—— big-end-down 23%. by 26% by &0-in. 

ingot molds can be water dipped and pitch 
coated every 2 min. in the new set-up at the 
National Works plant of National Tube Co. This 
new system, shown in the photograph, uses less 
than half a pound of prepared coal tar pitch pet 
ton of ingots. 

The operations consist of picking up three hot 
(300 to 500° F.) molds by a special lifting rig and 
15-ton yard crane, dipping the set into a water 
tank to remove any dirt, and lowering them on 
the spray platform. The mold lifter is lowered 
until the cover plate, suspended by chains within 
the framework of the lifter, rests on top of the 
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molds. Compressed air then blows in the pow- 
dered coal tar pitch through three conical depres- 
sions centered under the molds in the base of the 
platform. The cover plate keeps all but a small 
part of the pitch from escaping. 

A uniform mold coating from top to bottom 
is obtained with 90-lb. air pressure. At this pres- 
sure only 5 sec. is required for sufficient pitch to 
be siphoned through 2-in. pipe into the mold. 
Exact control of the flow to each of the three 
molds is obtained through push button and a 
motor operated cam arrangement that opens three 
quick-acting air valves, one at a time, for 5 sec. 
each. Individual operation of any of the three 
blasts can be secured by depressing the valves by 
hand as desired. 

As soon as the third mold has been coated, the 
crane picks up the set of three and returns them 
to their positions on the ingot buggy, the stools 
having been blown clean while the molds are being 
sprayed. 

Air is blown into the bottom of the containing 
hopper to agitate the powdered pitch, which other- 
wise tends to pack, and assures a constant supply 
of powder to the suction line. A screen just above 
the suction intake removes lumps that might clog 
the system. 

Provision is also made to prepare big-end-up 
molds (closed bottoms) by a hand spray, also con- 


nected to the pitch hopper. Washed 


ure 
suspended over the coating platform and 


Se. 
neck spray pipe (shown at left of the ph aph 
with a cone-shaped nozzle is inserted be! thy 
cover plate and the mold. A foot pedal trols 
the compressed air valve on siphon and | )Pper, 
and the shape of the nozzle distributes [| pitch 


evenly over the mold walls. 

Experience shows a very substantial deer 
in billet serap and searfing required since the ney 
mold preparation system was placed in operation 
The coating is considered superior to am prey 
ously secured with tar, fuel oil, graphite or brin 
(A, W. THORNTON, superintendent, openhearth a 
bessemer department, National Tube Co 


To Remove Passive Film When Etching 


_ polishing metallographic specimens 

time and work are saved if two or mor 
specimens are mounted together in the same holder 
However, difliculty may be had in etching ste 
specimens so mounted. Polished steel specimens 
sometimes acquire a passive film if they are 
etched soon after polishing. This passive fil 
makes one specimen etch differently from th 
others in the same mount one doesn’t etch whil 
the others do, or it doesn’t etch as quickly 


Central Mold of Three Removed to Show Blast of Fine Coal Tar Pitch Used to Coat Ingot Molds 
at National Tube Co. Gooseneck pipe at left is used to blow pitch into tops of big-end-up molds 
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This difficulty is generally eliminated by 
repolishing the specimens lightly on the final pol- 
ishing Wheel immediately before etching. Another 
method is to dip the specimen alternately in the 
stching solution and under a stream of hot water. 
\ third method is to rub the specimens lightly 
with a sharp seriber while in the etching solution. 
Only a light seratch is needed because an elec- 
rolvtie cell is set up between the film and the 
ron Which rapidly dissolves the film. (Gerrit 
be Veres, metallurgist, Dahlgren Naval Proving 


Ground 


Graphite Molds for Casting Jominy Bars 


: ie Society of Automotive Engineers has rec- 
ommended that certain steel castings meet 
Jominy end-quench hardenability specifications 
instead of the usual chemical and physical require- 
ments. ‘There are several methods of preparing 
such test specimens including (a) two-piece steel 
molds, (b) dry-sand molds with pyrex glass liners, 
c/ machining from a cast coupon. However, the 
cheapest and best casting can be made in a warm 
graphite mold. Either the full-length Jominy 
specimen can be cut from it, or the test button of 
the length determined by the hardenability speci- 
ications of the casting it represents. 

Such a mold, as sketched in the line drawing 
below, is made of a 3-in. round graphite rod. 
No draft is required in the mold due to the low 
coefficient of expansion of graphitic material; the 
steel shrinks away from the mold after freezing. 
Inasmuch as graphite is not wetted by the molten 
metal there is no likelihood of sticking in the 
mold or any “burn-in”. Carbon pick-up from the 
mold is negligible and there is no decarburized 
surface. For a perfect surface 
on the specimen, the mold 
should be preheated to 750° F. 


for molding cannot be met by any other method, 
Perhaps if the use of these molds becomes popular 
one of the graphite manufacturers can undertake 
to produce them on a production seale. 

Such molds can also be used in sizes for 
carbometer samples, standard test bars and for 
specimens for chemical analysis, as substitutes 
for the present steel or iron molds, (P.M. Sanpb- 
ERS, consultant in metallurgy, Detroit.) 


Straightening of Warped Shafts 
gee OLD “bugaboo” of heat treating —- distor- 
tion of long shafts, drills, broaches after hard- 
ening came around again recently in the form 
of a shaft, 5 in. round by 26 in. long, with only 
0.027 in. grinding stock. It warped 0.046 in, dur- 
ing heat treatment. 

Such items can sometimes be handled during 
the draw as follows: Heat the entire shaft to the 
draw temperature or slightly under and immerse 
it horizontally half way into water, maintaining 
heat on the high side while the low or concave 
side is cooling. If this is done in repetitive oper- 
ations, the piece being entirely cooled before 
reheating, it may eventually straighten up to 
grinding limits. 

Of course there is also the method of straight- 
ening while cold in a gagging press, but this 
always has appeared to be a rather brutal treat- 
ment, dangerous to hardened bars. So we turned 
to differential heating with oxy-acetylene flames. 

The shaft in question was made of S.A.E, 4150 
steel, heat treated to Rockwell C-40 to 41. We 
lowered the shaft horizontally, suspended from 
each end, into a tank of cool, circulating water, 
with the low or concave side down, the shaft being 
immersed only half way. We then 
applied heat to the high or convex side 
with an oxy-acetylene torch, being very 





Based on experience for 

a specimen 1% in. long, the ‘ 
cost is as follows: 2 \ 
‘ 


Four molds were pur- \ / 


chased at $3.00 each ($1.50 in 
lots of 10). One sample is 
laken every half hour and the 
first mold was still in use after 
casting more than 100 sam- 
ples, still in the original con- 
dition except that the diameter 
of the specimens gradually 
became 0.010 in. larger; hence 
this mold was discarded. 





Ya" j 
| melts at 875° F. 


= Sey 


———— the shaft “in” 


Desired Length 
- ty of Test oamner 
ap--—----4 
< 


H careful not to exceed the draw temper- 
/ ature of the shaft which was 900° F. 
This temperature was gaged by a 
“Tempil stick”, a crayon mark which 
The weight of the 
piece plus the differential in tensile 
strength of the hot and cold sides 
served to pull the ends upward. With 
live or six repeated heating operations 


a 


in this manner we were able to bring 
the required 0.019 to 
0.020 in. One added precaution is that 
the entire piece is to be completely 
cooled between each heating operation. 








As can be seen this figure 
of from 1% to 3¢ per sample 


pecan ommend 
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(THeopore F. Burcu, President, Ken- 
tucky Steel Treating Co.) 








Metallographie Etchant 


to Distinguish 


Oxidation in Steel 


Ix THE COURSE of research at Battelle Institute 
for the Office of Production Research and Devel- 
opment and other governmental agencies on the 
Nash welding »nd pressure welding* of various 
steels, the metal at the weld line was often found 
to be inferior in mechanical properties. This 
could sometimes be attributed to the presence of 
visible oxides and decarburization, and sometimes 
to deearbur'zation in the absence of visible oxides. 
Reduced techanical properties, however, were 
often obtained even when the usual metallographic 
methods revealed no evidence of decarburization 
or oxides, or when decarburization was eradicated 
This condi- 
tion surmised to be due to a definite but 
limited degree of oxidation, and much effort was 
expended to learn its true nature and eliminate it. 

At about this time it was learned that the 
Menasco Mfg. Co. of Burbank, Calif., had been 
studying similar welding problems and had devel- 


by suitable postweld heat treatment. 
was 


oped a metallographic etching technique for bring- 
ing out weld-line This method 
described by Leslie Fine in the January 1946 issue 
of Metal Progress, page 108, but it was not avail- 


oxidation. Was 


**Evaluation of the Quality of Pressure Welded 
Joints in Alloy Steels, and the Ease of Production 
Control of the Process”, by C. B. Voldrich and J. L. 
Zambrow, W.P.B. Research Project N.R.C.-558, W.P.B.- 
177, Battelle Memorial Institute, Aug. 31, 1945. 
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By A. M. Hall! 


Research Enginee: 
Battelle Memorial Institute 
Columbus, Ohio 


the time the Battel), 
research was under way. Th 


metallographic 


able at 
approach was 
therefore pursued independently 
of the work done on the Wes 
Coast. More than 150 combing. 
tions of etching ingredients wer 
tested on specimens of pressur 


welds and flash welds befor 
satisfactory results wer 
obtained. The etchant in fins! 


form was discovered to be simi- 
lar in effect to that of the Mep- 
asco Mfg. Co., as described by 
Mr. Fine. 

In early experiments effort: 
were made to produce the desired 
results by modifying existing 
reagents such 
Stead’s reagent, and Oberhoffer’s 
etch. 
however, that a strong oxidizing 


as nital, picral 
It was quickly surmised 


combination was required, strong enough to attack 
and stain all features of microstructure that wer 
unoxidized or contained carbon, but which would 
leave oxides and oxidized regions unaffected. Oxi- 
dized localities would then be revealed by the con- 
trast developed between their whiteness (smooth 
reflectivity) and the stain (roughness) on the sur- 
rounding material. 


Preparation of the Reagent 


An alkaline solution of potassium permanga- 
nate and potassium dichromate was found |! 
accomplish this purpose. It is composed of 10 + 
KMnQ,, 10 g. NaOH, 10 g. Na.COx,, and 4 g. KYCr,0 
100 ml. distilled water. 
metallographic specimens, best results have been 


dissolved in For averag 
obtained by immersing each specimen in 200 © 
of solution in a 600-ml. beaker. The solution 
heated to boiling and the metallographic specim 
Boiling 
continued until the polished surface has develope: 
a brownish-blue to tint. ‘This 

achieved in 10 to 40 min.; in general, the high 


° . , 
the carbon or carbide content of the material, U 


is immersed polished-face upward. 


purple-blue 


more rapidly will it etch. The specimen ts 
removed, washed in running water, rinsed 
hol, and dried in a stream of clean air. 


No special precautions are required in 




















~ handling the solution. The constituents need 
not be loo accurately measured. The solution 
must, however, be used fresh. 

Specimens are best handled unmounted, but 
‘their size or shape will not permit this, they 


may be mounted in lucile or in bakelite. When 
Lelle ie. latter is used, it is advisable to make the 
The mount al a somewhat higher than normal temper- 
Was jure and pressure, say 350° F. and 5000 psi. These 
ently onditions will increase the resistance of the bake- 
West te to the alkalis in the etchant. 
bina- 
wen Use of the Etchant 
Sure 
lor Microstructural features revealed by the etch- 
ver wnt and some instances of its usefulness in metal- 
final ography are illustrated in Fig. 1 to 6. 
tim Figure 1 shows severe sealing on the flash of 
en- i flash weld in a medium-carbon steel plate. (The 


CTE 


uld 


hig. 1 —- Sealed Flash of Flash Weld in Medium 
Carbon Steel, Annealed After Welding. Left — etched 


section was annealed after welding to bring out 
the banded structure of the plate.) At left is its 
tppearance after etching with nital. This photo- 
micrograph three unaffected 
banded steel, a zone of decarburization, and a 
At center is 
the same area, repolished and etched with the 
permanganate-dichromate etchant. The unaffected 
steel, the decarburized zone, and the scale are 


again visible. 


shows regions 


mass of seale (solid dark region). 


In addition, however, the reagent 
reveals a fourth zone, a narrow band in the metal 
aul scale-metal interface. This zone follows 
closely the contour of the interface and occupies 
ter part of the decarburized region defined 


nital etch. The narrow band is white 





(unstained) and stands out in contrast to the gray 
scale, the medium blue decarburized zone, and 
the dark blue unaffected steel. At right, in Fig. 1, 
is another view of the white band at a higher 
magnification. 

From its form, its position in the metal adja- 
cent to the seale, and its negative response to the 
etchant, the narrow white band is certainly differ- 
ent from the decarburized zone, from which it is 
not distinguished by the nital etch. 
tion and the oxidizing conditions under which it 


From its locn- 


formed, it seems appropriate to assume that this 
band is enriched in oxygen (is “oxidized™), and 
hence this evidence points to the ability of the 
reagent to indicate oxygen-rich areas in steel, 
Being substantially metallic, however, the thin 
white band is less oxidized than the scale. 
Sealing of steei is a complex process involving 


the inward diffusion of oxvgen and the outward 





same area etched with 


with nital: LOOX. Center 


Halls reagent. Right portion of center at 500> 


diffusion of iron (and often its alloying elements 

with the formation of a series of oxides and oxida- 
tion products increasing in degree of oxidation 
from inside to outside. In conjunction with this 
process, carbon is lost from the steel by outward 
diffusion and oxidation, Two good publications 
dealing with these phenomena are “The Oxidation 
of Iron and Steel at High ‘Temperatures”, by L. B 
Pfeil, Journal of the Iron and Steel Institute, \ 
119, 1929. p. O01, and “The Loss of Carbon From 
Iron and Steel When Heated in 
Gases”, by A. Bramley and Kk. F. Allen, Engineer- 
133, 1982, p. 92, 123, 229 and 305.) The 


extent of carbon loss is marked by the zone of 


Decarburizing 
ing, V. 


decarburization, which is readily revealed by the 
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ordinary etchants (Fig. 1, left). In addition, to be a region intermediate in degree of lation 








another zone, the narrow white band shown in between the condition of decarburization 414 tha \ 
Fig. 1, center and right, is produced. This band of visible scale. at 
is probably the region where the oxygen concen- Figure 2 shows at left, in transverse section. Ir 
tration in the decarburized iron is rising to the the edge of a Mo-W-Cr-V high speed steel bar n 
heated in air 8 hr. at 2000 ne 
F. and water quenched, The al 
etchant is nital. Unaffected ») 
NORrie | . +. : : steel, a decarburized zone. wt 
teh 2th , E - I and scale (the dark gray 
f, p toe ae, eth DN ‘ e layer at the top) are obsery- - 
able, much as in the flash ri 
weld of Fig. 1. At right is ve 
shown the same materia! ic 
Oss, ; repolished and etched with by 
[Sas RAIS 5 ‘ ian a a ~~ the new oxidizing reagent, = 
BAG: and again a narrow white ha 
zone is revealed in the stee! 5 
at the seale-metal interface, 
representing a condition of iH 
oxidation intermediate 
between decarburization ty) 
and visible scale. VI 
Figure 3 illustrates the In 
results of one of several 
" : . a experiments conducted to 
Fig. 2 — Decarburized High Speed Toolsteel. 100X. demonstrate the reletice. E 
ft left after nital etch, at right after Hall's etch ship between the etchant’s F 
effect and the condition of 
level where visible oxide forms; it may be the *See “Iron and Oxygen”, by F. S. Tritton and D. 
oxygen-iron solid solution, variously reported* to Hanson, Journal of the Iron and Steel Institute, V. 110, 
contain from negligible amounts up to about No. 2, 1924, p. 90; “Solubility of Oxygen in Solid Iron”, j 
0.05% oxygen by weight at room temperature. In by N. A. Ziegler, Transactions of the American Society 
ae : ‘ : ' for Steel Treating, V. 20, 1932, p. 73; “Physikalische 
addition, the zone may contain many submicro- Chemie der Eisenhiittenprozesse”, by H. Schenck, 
scopic oxide particles. It may be considered, then, published by Julius Springer, Berlin, 1932, p. 131. 
big. 3 {rtificial Oxide Inclusions (500X) in Low Carbon Steel Rod After 
Forging at 1900° F. At left is sample as polished, at right after Hall's etch 
n 
| 
h 
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On 
hat 


on, 
bar 
iy 
‘he 
led 








vidation of the steel. Iron oxide inclusions were 
ntentionally added to a %4-in. diameter cold 
iawn low carbon steel rod by drilling a hole into 
ne end, |. in. diameter, 2 in. long. The hole was 
vacked with dry ferric oxide powder and plugged 
with a low carbon steel rod. The piece was heated 
min, at 1900° F., and hot forged from *4 in. 
und to ‘2 in. square. Figure 3 shows a group 
f the resulting oxide inclusions after polishing a 
vetion. The black areas in the large inclusion 
ve voids. The same area etched with the alkaline 
yermanganate-dichromate reagent is shown at the 
right of Fig. 3. 
by an irregular white zone. The smaller inclusions 
nd pepper-and-salt oxides appear within white 
bands. The elongated character of the structure 


The large inclusion is surrounded 


s the result of forging. 
The results shown in Fig. 3 do not mean that 
il oxide inclusions in iron alloys will be = sur- 
unded by oxidized zones or while halos, or con- 
tained within white bands. To produce such 
white areas with the reagent, conditions must have 
been such as to build up an appreciable oxygen 
concentration in the adjacent metal. 
Figure 4 is a photomicrograph, in transverse 
section, of the edge of a mild steel rod heated in 


‘ir 24 hr. at 2000° F. and water quenched. The 


Fig. 5 
(Not Heat Treated). 100X. Left 


oxidizing etchant clearly reveals the intergranular 
hature of the diffusion of oxygen into the metal. 
In addition, within the grains themselves, particles 
of oxide may be seen, surrounded by white halos, 
high in oxygen, produced by diffusion. Seale is 
hot observable because it spalled off during 
quence! Ing, 


Since many of the illustrations involved heat- 


July. 1940: 


Hall's reagent; right 





Fig. 4 — Edge of Mild Steel Rod After Heating 24 Hr. 
in Air at 2000° F. Etched with Hall's reagent; 250 


ing in air, a question may arise as to the influence 
of nitrogen upon the etching effect produced by 
the new reagent. To answer this, specimens of 
S.A.E. 1020 steel plate were heated ‘2. hr. at 
1700° F. 
The specimens heated in air scaled and showed a 


in air, and others in purified nitrogen, 


white zone in the metal at the scale-metal interface 





Weld Line of Flash Weld in-Medium Carbon Steel Plate, As-W elded 


Oberhoffer’s reagent 


after etching. The specimens heated in nitrogen 
did not seale and showed no white zone after 
etching. 

Application of the etchant to flash welds is 
illustrated in Fig. 5, which shows part of the weld 
line in a medium carbon steel plate as-welded 
The banded structure of the plate is seen to be 
distorted (outbent) by upsetting during welding 
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In this instance, the etch- 
ing effect at the weld line 
is not intense, suggesting 
relatively low oxygen 
concentration. The same 
weld-line region, repol- 
ished and etched with 
Oberhoffer’s reagent, is 
shown at the right of Fig. 
5. Neither the weld line 
nor the banding of the 
steel is revealed; these 
structures were not devel- 
oped by Oberhoffer’s etch 
unless the flash weld was 





FAMINE 


ls Sweeping Half the World. 
You can do something to help. You, personally! 


DO ONE OF THREE THINGS: 


1. Take foods (in tin cans) to the UNRRA's collec- 
tion center in your own locality. 

2. Send a check to National Headquarters Emer- 
gency Food Collection, 100 Maiden Lane, New York of Fig. 6, which shows 
City 7, or to American Friends Service Committee, 
20 South 12th St., Philadelphia. 

3. Get the name of a French family from the staff of 
Metal Progress, 7301 Euclid Ave., Cleveland 3, and 
send them a food box monthly (see page 127). 


mechanical tests on Spec- 
imens similarly treated 
still indicated  weld-ine 
brittleness, and the ney 
etchant demonstrated 
that the heat treatmen; 
did not produce honp.- 
geneity. This is evident 
in the view at the right 


the same area as before. 
but repolished and etched 
with the permanganate. 
dichromate reagent. The 
heat treatment redis- 








annealed or normalized. 

The new reagent has 
also been successful in distinguishing layers of 
metal high in oxygen along the weld lines of pres- 
sure gas welds (solid-phase welds) in A4135 tub- 


ing 3,). in. o.d. x 13 in. wall. As pointed out in the 
articles by Mr. Fine and his associates (Metal 


Progress for January, February and March) it is 
difficult to follow the weld line, even though 
marked by islands of oxide, when etched with 
nital. As etched with the alkaline permanganate- 
dichromate reagent, however, it is readily revealed 
as a distinct white band. It is inferred that this 
band is enriched in oxygen. 

Nital often gives a false impression of struc- 
tural homogeneity in the weld-line region after 
certain postweld heat treatments. This is illus- 
trated in Fig. 6, which shows the effect of oil 
quenching from 1575° F. after 45 min. at tempera- 
ture and drawing at 825° F. The structure appears 


homogeneous as etched with nital. However, 


tributed the carbides ip 
the steel, but evidenth 
did not induce appreciable diffusion of oxygen 
away from the weld-line region. 


Applications of the Etchant 


Although the etchant was originally developed 
for investigating the metallurgy of pressure gas 
welds and flash welds, the illustrations given her 
indicate that it has a variety of other possibk 
applications. It may be useful in studying other 
types of welds, as well as in studying the effect 
of oxygen, air, and other oxidizing media upon 
the microstructure of iron and iron alloys in such 
operations as melting, refining, carburizing, hard- 
Finally, the 
new alkaline reagent appears useful over a wide 


ening, annealing, and normalizing. 


range of ferrous compositions from plain carbon 
steels to aluminum-silicon-chromium-iron alloys, 
high in chromium. 6 


Fig. 6 — Pressure Weld in 44135 Tube, Quenched From 1575° F. and Drawn 
at 825. 500X. Nital etch at left shows homogeneous structure; Hall's etch at 
right shows oxygenated metal at weld line and banded structure in base metal 


SO. Be Al Reo SE gy _— 
, ce Spey hs yee a j 
St FS 2 Se 24 
- in ne ‘ g@) 
; aa § ere 
om : P 
u LS et i ~ 


Vetal Progress; Page 96 





pe 


AINLESS STEEL may 


hy machined | 
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machining stainless stee! o'r 
automatic screw machines 
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CHROMIUM— 


fehi properties merit your 
consideration in designing for 


Most versatile fehl modern metals 


their unique combinations 


aale future 


AUSTENITIC STAINLESS STEELS 


International Nickel are miners, smelters less steels. Although they do not produce 


and refiners of Nickel, an important ingredi these stainless steels, a list of the sources 


ey at miami dilaliilit sits 14 Ge ae of supply will be furnished on request 


THE INTERNATIONAL NICKEL coMPANY, ING. S:."!.00°5 
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Superalloys 


for High Temperature Service in 


Gas Turbines and Jet Engines 


Versatin report of a round-table discussion 
at American Society for Metals’ National Metal 
Congress and Exposition held in Cleveland, Feb- 
ruary 5, 1946: 

Cuartes T. Evans, Jr. (Chairman) —I wish 
to introduce my fellow members on this panel for 
superalloys in jet engines and gas turbines. At 
my right is Norman L. Mochel, manager of metal- 
lurgical engineering for Westinghouse Electric Co. 
in its South Philadelphia plant; the next gentle- 
man on my right is Gunther Mohling, associate 
director of research at Allegheny Ludlum Steel 
Corp.'s Watervliet (N. Y.) plant; last is F. S. 
Badger, who is director of research for Haynes 
Stellite Co. in Kokomo, Ind. The first gentleman 
on my left is Russell Franks, chief metallurgist 
of Union Carbide and Carbon Research Labora- 
lories in Niagara Falls, N. Y.; the gentleman on 
his left, R. B. Johnson, is metallurgical engineer 
in the Thomson Laboratories of General Electric 
0, al West Lynn, Mass. (Mr. Johnson is substi- 
tuling for W. L. Badger who is not able to be here 
because of illness.) Finally the gentleman on the 
eft end of the table is Howard C. Cross, formerly 
Supervisor in charge of research on high tempera- 
lure materials done by the National Defense 
Research Committee (N.D.R.C.), and who is now 
Supervisor in the metallurgical division of Battelle 
Memorial Institute at Columbus, Ohio. 

_ All these gentlemen have been working inten- 
‘ively for the last five years, at least, in the field 
of special alloys for aircraft engine superchargers, 
Jel engines and power gas turbines. Mr. Mochel, 


By F. S. Badger 
H. C. Cross 
C. T. Evans, Jr. 
Russell Franks 
R. B. Johnson 
N. L. Mochel 
Gunther Mohling 


Mr. Franks and myself are 
members of a subcommittee of 
National Advisory Committee 
for Aeronautics (N.A.C.A.) 
which has studied over 100 
new compositions in the last 
four years. I would like to 
emphasize that this public dis- 
cussion must be under wraps, 
so to speak, to the extent that 
we must frequently speak in 
generalities. Many specific 
references and actual compo- 
sitions and properties of use- 
ful alloys are still classified as restricted informa- 
tion [and still are! Epironr. | 

I wish to have the panel discussion as brief 
as possible because we would like very much to 
have an interesting open discussion from the floor. 

I would like first of all to ask Mr. Mochel to 
give us a brief discussion of the high temperature 
problems involved in materials used in high speed 
rotating equipment prior to the advent of these 
new prime movers, which are now using hot gases 
other than steam. 

Mocue. — The topic we are going to discuss 
tonight is materials for jet engines. Of course jet 
engines, as we will talk about them, will include 
gas turbines for other purposes than aircraft pro- 
pulsion, and we immediately think about high 
temperature, high speed, highly stressed rotating 
parts, and the casings that must house this equip- 
ment. For commercial prime movers we will also 
naturally think of reliability of performance; the 
matter of life is going to be an important variable 
in our problem. Some of the equipment we talk 
about is going to have a rather short life, and 
some is expected to have a rather long life. 

I think that a look backward into the field of 
steam turbines — in which we have also dealt with 
high speed, highly stressed rotating parts and 
housing casings which had a rather long life 
expectancy — would be of interest. For about 20 
years before 1940 American engineers had been 
engaged in rather intensive research in this field. 
We had made marked progress. The operating 
temperatures in the services which supply our 


July, 1946; Page 97 











power and our light have been creeping steadily 
upward. At the beginning of the war quite a 
number of turbines were in operation at tempera- 
tures between 925 and 975° F. At least one turbine 
had been built to operate steadily at 1000° F. We 
also know from experience that some turbines 
have by accident operated at higher temperatures. 
That then was the temperature 

level at which we were working 


not cause near so much difficulty. The mpera- 
ture surrounding the wheel runs to about |209° F 
as a maximum at the rim and about 500 to 609° F 
at the center. Besides being able to withstand the 
high stresses of a wheel spinning at 25,010) r.p.m, 
at these relatively high temperatures, the prob- 
lems of forgeability, machinability and weldabjj. 

ity had to be considered. The 

availability of the alloying ele. 





directly before the -a top lemperature ments also was a very important 
limit of about ft *. and a Qxcetion, Corrosion, consideration, as large tonnages 
very long expected iife because Thermal Expansion, of metal were involved Thoe- 
steam turbines are designed to Therme! Conductivity, sands of these small power units 


last at least 20 years. 
Now, during this develop- 
mental period we had come to 


Effect of Fluctuations 
i? EXpOSUre 


Stress -to-Rupture, 


had to be made. 
The earlier methods of eval. 
uating materials for turbine 


recognize some very definite Creep, wheels were chiefly the short. 
fundamental relationships in Creep- Relaxation, time physical tests at elevated 
Unknown Factors : 


designing machines for opera- 
tion at high temperatures. Fig- 


Strain (Allowable Deformation) 





Effect of Fluctuations, 


temperatures. This method of 
testing was found to be decidedly 


Time (Expected Service Life) 








ure 1 summarizes’ these Effect of Concentrations, improper for selecting suitable 
relationships. It is a small FALIQUE, materials for this new service. 
simple square. You will find Damping Capevily Another method of testing was 
“Stress” at the bottom; you will VCS adopted which came to be known 


find “Temperature” at the top; 
at the left you will find “Strain” 
meaning allowable deforma- 
tion; and at the right you will 
find “Time” meaning expected 
service life. This represents the fact that in the 
use of metals at high temperatures where stresses 
are involved one cannot talk usefully about any 
one of these figures; you must talk about stress 
at a temperature with an expected life and with 
an allowable deformation. As we approach the 
requirements of the gas turbine, we will see more 
than ever the importance of keeping always in 
mind this fundamental aspect which came from 
our steam turbine practice. 

Evans — Thank you Mr. Mochel. We would 
like now to describe very briefly the operating 
characteristics of a power turbine and give you 
some idea of the high temperature problems in 
the new field which has come up so recently — 
that is, the field of superchargers, jet engines and 
the power gas turbine. You will notice on the 
tables and the platform some parts which we have 
collected for exhibit, thinking that they would 
add to the value of this discussion. As we progress, 
the various panel members will describe what 
these units are. But first I would like to ask Mr. 
Johnson to give us some idea of the operating 
characteristics and the high temperature materi- 
als used in the aircraft supercharger. 

Jounson —In aircraft turbo superchargers 
the chief metallurgical problem was the turbo 
wheel and the buckets; the sheet metal parts did 


Fig. 1 


Vetallurgical Considerations 
(Inside Square) to Satisfy the De- 
signer’s Demands (Outside of Square) 


as the stress-rupture test. This 
method of testing places a stand- 
ard test bar in a furnace al a 
known temperature and under a 
constant stress, the time for fail- 
ure under these conditions being recorded.* 

This method of sorting the bad from the good 
materials was used in the selection of metals tor 
the turbo bucket also. However, both the wheel 
and bucket required that we take the other com- 
mon physical properties into consideration. 

The problem of material selection in the je! 
engine was much the same as in the turbo super- 
charger, but to get a clearer concept of the parts 
which will be discussed tonight, it would be well 
to look at a cross section of a jet engine. 

Figure 2 shows a British design (the Whit! 
W2B engine) which is schematically similar | 
the I-16 manufactured by General Electric for the 
American P-59 airplane. The flow of air is from 
the compressor C to the outer combustion cham: 
ber CC, through the combustion chamber liner ¢/ 
(which will be the first portion of the machine 
that will be taken up in tonight’s discussion of 
high temperature materials). In the combustion 
chamber, the compressed air is mixed with atom 
*Epitror’s NorE—-A comprehensive, althoug® 
brief, discussion of the stress-rupture test and other 
methods of evaluating metals under load at elevated 
temperature is contained in an article by the rouse 
table’s chairman, C. T. Evans, Jr., entitled “Wrought 
Heat Resisting Alloys for Gas Turbine Service ™ 
Metal Progress for November 1945. 
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zed fuel F and ignited. Once ignited by spark 
plugs, the burning is continuous. The fuel and 
,ir burn to raise the temperature of the gas to a 
very high value. The design of the combustion 
jiner is of prime importance in order that even 
heating takes place; if it is not carefully engi- 
veered, the liner will warp into the path of the 
extremely hot gases and be destroyed. 

From the liner the gas flows through the noz- 
de diaphragm N (the second item that will be 
jiscussed), then through the buckets B on the tur- 
bine wheel W' and finally is exhausted through the 
tail cone T to the atmosphere, 

Later models of General Fiectrie jet engines 
have direct rather than .2¢ reverse flow of gases 
shown in Fig. 2 of the Winitle cagine. 

MocHEL ‘page 100) is of the 
Westinghouse “Yankee” 13-65 jet engine. You will 
notice here that the air enters at the inlet end and 
passes directly through the unit and out the 
exhaust end or the jet nozzle at the rear end. The 
a\ial flow compressor is driven 
by the same shaft as the tur- 
bine (Fig. 4, page 101). Lubri- 
eating oil is cooled by the Ar 
nrush of cold air at the front; 
this inlet air is compressed by 


- 2 
Figure 3 


the series of compressor blades 

and travels on to the combus- 

tion chambers. Hot gas then 

drives the turbine blades and 

escapes out the exhaust nozzle C 
at the other end. 

When we talk about the 
iner for the combustion cone 
r combustion cell, we mean 
the conical member marked 
“burner ring” in Fig. 3. That 
is formed of thin sheet metal 
perforated to admit turbulent 
ar for high velocity combus- 
tion. Hot gases of combustion 
‘trike the diaphragm blade or 
Stationary vanes and then the 
moving blades, carried in the 
turbine wheel disk, and then 
the jet exhausts. The high 
emperature members* are, of 
course, the conical burner ring 
or basket of the combustion 
element, the stationary vanes, the moving turbine 
blades, the turbine disk, and the sheet metal which 
forms the exhaust nozzle. 


es 


Air 


*Eviror’s Nore — A publicity release by Westing- 


house Electric Corp. notes that the gases entering the 
lurbine nozzle vanes of the 19-B jet engine are at 


D(yyo - , 
ons ' and the maximum allowable temperature is 
00° |} 

















EVANS 
in Fig. 5 (page 102 
mover of power gas turbines constructed in this 
country. It is a 2500-hp. unit made by the Elliott 
Co. and it has a relatively complex cycle. The air, 
just ordinary atmospheric air, comes in at the top 
right. It then goes through what is known as the 
low pressure compressor and on around through a 
duct to what we call an intercooler, (AIl this 
does is reduce the temperature of the compressed 
air so that we will not have such a large volume 
for the next stage to handle.) From the inter- 
cooler the air goes immediately to the high pres- 
sure compressor and immediately up through 
another heat exchanger, which we call a regen- 
erator, where it picks up as much heat as it can 


The more complex picture shown 
is the first successful prime 


from the exhaust gas. 

This hot compressed air, at a temperature 
of about 750° F. max., then goes on into the com- 
bustion chamber shown at the very top of the 
diagram, where it mixes with the fuel and goes 
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Fig. 2 {ssembly of W2B British Engine, the Parent Design of the Rolls- 
Royce “Welland” Engines That Powered the “ Meteor” Fighter, and the G.E. 
Engine for the Bell P-59. 
Propulsion Gas Turbine”. 
Whittle before the British Institution of Mechanical Engineers, Oct. 5, 1945) 


(From “The Early History of the Whittle Jet 


James Clayton lecture by Commodore Frank 


through what is known as the high pressure tur- 
bine (top left). This is a gas turbine. The exhaust 
from this high pressure gas turbine goes on to the 
low pressure gas turbine, being heated somewhat 
in the low pressure combustion chamber, en route. 
Exhaust from the low pressure turbine in turn 


goes out through the regenerator to exhaust. 
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The net horsepower of this unit is delivered 
on the propeller shaft at lower left of the diagram 
(Fig. 5) taken off the end of the low pressure 
turbine. The high pressure turbine at the top 
does not deliver any net horsepower at all; its only 
function is to drive the low pressure compressor. 
The low pressure turbine actually has a rating of 
5000 hp., but it only delivers 2500 hp. net due to 
the fact that 2500 hp. is needed for driving the 
high pressure compressor. 

The temperatures in this power unit are noted 
alongside the various parts in the diagram. Tem- 
peratures are severe in the two turbines, in the duct 


cycle’, one in which the products of « ibustion 
are merged with the compressed air and the 
resulting mixed gas goes into the turbine. There 
is a development in Switzerland in which the prod. 
ucts of combustion are not added to the air 
stream but are kept separate from it. In othe; 
words, the Swiss would insert an air heater jp 
place of each of the combustion chambers. 
heat the compressed air in a closed system and 
do not merge the products of combustion with 
at all. The exhaust from the low pressure turbine 
is joined to the inlet of the low pressure cop. 
pressor, and the air goes around and around in q 


Fig. 3 — Half Longitudinal Cross Section, Half Side Elevation of Westinghouse 19-B Axial Flow Gas Turbine. 
Maximum static thrust at sea level with 1500° F. turbine inlet temperature is 1365 lb. Installed weight, 847 |b. 
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work between them, and in the combustion cham- 
bers. At any rate, the parts on the left-hand side 
of the diagram must all be made of extra high 
temperature metals we call superalloys. 

It might be worth mentioning that the fore- 
runner of this Elliott turbine, as far as high tem- 
perature machinery is concerned, was also a turbo 
supercharger which was not used for aircraft but 
for supercharging 4-cycle diesel engines generating 
over 250 hp. 

To briefly mention the increase in operating 
temperatures, the earlier supercharger operated at 
1020° F. and a maximum stress of 28,000 psi. The 
propulsion unit shown in Fig. 5 operates at 
1200° F. (temperature in the high pressure tur- 
bine) with a maximum stress 8000 psi. 

Mocue.t — Before turning our attention to 
other things we might mention one other matter 
in connection with this same type of unit. Just 
ahead of each of the turbines are combustion cham- 
bers from which burned fuel goes on into the tur- 
bine. This is what one would call an “open 


Combustion Chambers —— 
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closed circuit. Naturally, you will appreciate that 
corrosion problems may arise from the nature of 
the fuel, and that the closed type of system would 
always operate on clean air — or even on an inert 
gas —and not have the products of combustion, 
possibly sulphur and other things, added to it. (| 
thought I had better mention this in passing.) 
Gas turbines may, of course, be used for other 
purposes and may be much simpler in shape that 
the elaborate machine just described. Any place 
where present motive power is not doing a good 
job is a place for the gas turbine to become real 
competition. Numerous gas turbines are used 10 
petroleum refineries where excess gas is available 
I have in mind a 2000-hp. axial flow compresse 
unit driven by a gas turbine. The air compress! 
has simply an ordinary carbon steel rotor \" 
high temperature is involved at all) carrying the 
blades, and stationary blades or vanes are in the 
casing —this is purely for compressing the 4 
The compressed air at moderate temperature 
passes to the burners for the gas turbine, whic) 
is simply a multistage turbine wherein hol prod- 
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yts of combustion take the place of 
superheated steam (also a gas, by the way). 
Hot: gas comes from the combusting element 
rather (han a steam boiler, passes through the 
turbine and goes out through the exhaust. The 
yvailable power, for an electric generator or other 
purpose, is the surplus produced by the turbine 
over that required to compress the air for its own 


(gas) 


operation. 

The hot members in such a simplified turbine 
would be the rotating rotor (the body that carries 
the rotating blade), the attached to the 
rotor, the stationary blades, and the casing. Cer- 


blades 


CHAIRMAN EVANS 
order for me to direct this discussion to the met- 


Right now it would be in 


allurgical aspects of turbines, since this is a met- 
allurgical meeting. We would like first to discuss 
some of the metallurgical problems in the less 
complicated parts of the machinery. I will now 
ask Mr. Johnson to tell us briefly about some of 
the metallurgical problems in the combustion 
chamber and the duct work. 

JOHNSON The problem in combustion cham- 
bers is not only one of material but is an engineer- 
ing design problem as well. To reduce warpage 
the flow of hot gas must be such that the com- 





Fig. 4 Rotor Assembly and Bearing Segments of 
19-B Turbine. Turbine shaft and disk is 19% nickel, 


%— chromium stainless plus tungsten and molybdenum; 


lain portions of the combustion chamber might 
become quite hot, even though the turbine tem- 
peratures might be moderate. 

By means of this introduction, we have tried 
lo picture for you just what we are talking about 
in the way of materials —to give you an idea 
oa new type of power unit which includes jet 
engines, gas turbines for aircraft, gas turbines for 
ships, for locomotives and for possibly a variety 
ol industrial applications. Material problems are 
pretty much the same in all of these.* 

al Note—-On the basis of eight years’ 
with a number of gas turbine driven air 

units installed in petroleum refineries 
Houdry process is used for high octane 


iroR’S 
f\pericnce 
Sompressor 
where the 


gasoline, Allis-Chalmers Mfg. Co. designed a 3500-hp. 
“as turbine for experimental study by the U. S. Navy’s 
Enginecring Experiment Station at Annapolis. This 
Inat given a public showing in March, after it had 
- ly experimental 50-hr. runs with maximum 


i mperatures of 1350° F. The design contem- 
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turbine buckets at right end are Westinghouse K-42-B 


alloy; compressor spindle (and its disks) isa single alumi- 
num alloy forging; blades are castings keved in place 


bustion chamber is evenly heated. Warpage of 
the chamber into the hot gas path will destroy 
almost any material very rapidly. These chamber 
walls can normally be expected to withstand 
1500° F.: thin sheets with welded joints were indi- 
cated from a weight-saving standpoint. Longi- 


tudinal butt joints were designed for a flush joint 


plates maximum turbine temperature of 1500° F., at 
which the main operations are as follows: Air from 
a 20-stage axial flow compressor and at 365° F. enters 


a counter-flow regenerator, picking up heat to 750° F. 
This hot air is used to burn atomized fuel oil, and 
the hot gas enters a five-stage turbine at 1500° F. 
and leaves at 1025° F., going to the regenerator from 
which it exhausts at 640° F. Blades and turbine disks 
are made of Timken 16-25-6 alloy, the two disks and 
diaphragms handling the hottest gas being cooled by 
jets of cold air playing on down-stream faces. Other 
high temperature parts and piping are of 25-12 Cr-Ni 
alloy. Pipe is backed up with mineral insulation 
which in turn is surrounded with a jacket 
cool and which carries the stresses 


which is 
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without the necessity of grinding. These were 
made by clamping the joint in a fixture, backing 
it with hydrogen, and then welding it by the 
atomic-hydrogen process. The hydrogen back- 
ing was provided by burning hydrogen in a groove 
milled in the backing bar of the fixture. On thick- 
up to jj, in. the butted up 
square; using the fixture as mentioned, the seam 
was welded without the addition of filler or the 
use of flux. This resulted in a nearly flush joint 
that did not require cleaning and had excellent 
physical strength. The use of filler was elimi- 
nated by clamping both sides of the joint tightly 
within % in. of the joint. Bringing the heat of 
the are to the metal expanded it and forced it to 
hump at the joints. This hump was melted down, 
giving a flush weld. As the metal cooled and 
contracted a little elongation occurred between 
the tight clamps, but this was so slight that it had 
no harmful effect upon the joint. Some of these 
combustion tubes and their assembly fixture are 
shown in Fig. 6 (page 103). 

To resist the uneven heating that might occur, 
the high temperature strength of the material 
selected has a great deal to do with whether the 
unit is going to operate for a great 
length of time. The material we have 
used in the General Electric I-16 and 
I-40 machines has been the alloy 
Inconel (80% nickel, 14° chromium, 
I do not know what Mr. 
Mochel has been using in 
the Westinghouse machines. 
Perhaps he will tell us. 

MocueL-— We started 
out using ordinary “18-5 
moly”. We changed to 
Inconel and had some success 
with that, but we believe thal 
the 25° chromium, 20% Z 
nickel austenitic alloy with MOO Lining 
2% silicon is probably a bet- Special 
ter all-around material for Cr-Ni Stee! 
the combustion units. That 1300 °F 
is the standard material for 200°F- ls 
the angular “basket” we use 
today. 

EVANS I wonder if we 
don’t have something avail- \ 


able a little bit better than 

25-20, severe Propeller Shat? 

wear. 2500 Hp Delivered 
MocueL-— We are not Special OM Steel 

confronted with such a neces- 

sity at the moment but we 

expect to be. hig. 5 
BADGER I believe that 


nesses edges were 


6° iron). 


Special Cr-Ni Alloy 
Temp. 1100 —~ 
Pressuré 53 Psi- 


/700°% Cone 
25-20 Or-M Steel 


























possibly for 


Special Cr-Ni Alloy 
Temperature /300% 
Temperature 1230 F 
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low Pressure ON 
Combustion Chamber’ : 


low Pressure Jurbine- 


the best service from tests has been obtai 
the alloy known as Vitallium, which, as perhaps 
many in the audience know, is a dental alloy 
which has been modified to increase its ductiljt, 
and its rolling properties. We produce it under 
the name of Haynes Stellite alloy No. 21. Genera) 
Electric’s I-16 units have been tested with thic 
material for a combustion chamber liner and have 
shown, I understand, from three to ten times thp 
life of the formerly used material, due chiefly to ite 
high strength at elevated temperatures. ) 
it is quite a wide step from Inconel (and 2 
silicon) to an alloy based on cobalt. Some inter. 
mediate alloys both in properties and in price are 
being tested at the time, 
results have yet been obtained. 
Hastelloy alloy C. 

Evans — Could you give us a general idea of 
the composition of Vitallium? 

BapGer — Vitallium is a_ cobalt-base alloy 
carrying about 27% chromium, 6% 
0.20 to 0.30% carbon, a small percentage of iron 
as an impurity, and 2% nickel. 

Evans — Hastelloy C that you 
it a similar alloy? 
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BaporrR — Hastelloy alloy C has a nickel base 
vith 15°. chromium, 17% molybdenum, 5% iron, 
bon under 0.10%, and 2% tungsten. 

Evans —I think that covers the combustion 
hamber problem fairly well. We didn’t talk 
about the ducts, however — that is, the tail cone 
and miscellaneous high temperature parts that 
« into the exhaust system. Mr. Johnson, could 
you explain briefly what you are using there? 

Jonnson — Well, 18-8 columbium is what we 
have adopted chiefly. However, in comment on 
what Mr. Badger just said, I think he would have 
a difficult time to make Vitallium sheet in any 
quantity in a rolled condition if it were to be 
adopted for a liner. What would you want to say 
ibout that, Mr. Badger? 

BapGer — It is hard to handle in rolling, par- 
ticularly in bar stock form. Actually in sheet 
form we do not have too much difficulty. It just 
takes from three to five times as long to roll as 
the Inconel you are now using. 

MocHeL Before we leave the combustion 


cell item, I should call your attention to my belief 
that there is a great problem for the designer to 
solve in the combustion liner. 
much whether a metallurgist is going to solve it. 
| believe that by the utilization of proper air — of 
which there is always an abundance —— we may 


I question very 








Fig. 6 — Nesting Inconel Combustion Tubes (for G.E. Engine 
‘n “Shooting Star”) in Fixtures Prior to Welding Together 
Into a Single Unit. Courtesy I.T.E. Circuit Breaker Co. 


get rid of excessive surface temperatures; when 
that day comes we may be able to get by with 
some of the less expensive materials. Of course, 
it may be even then that the very expensive mate- 
rials may fit in and give increased life and lower 
maintenance.* 

As to the duct for the exhaust cones, we have 
used columbium-bearing 18-8, although at the 
present time we make our exhaust nozzles of the 
25-20, 2% silicon material, the same as is used 
in the combustion liner. 

JOHNSON I would like to ask, Mr. Mochel, 
whether you have had any experience with the 
chromium-aluminum combinations. 

Mocuet — Chromium-aluminum? 

JOHNSON Yes. Something on the order of 
20° chromium and 7% aluminum. 

MOcHE!I We have not used that. Invariably 
the matter of fabrication is an important item, 
One likes to have sheet metal that he can readily 


*Epiron’s NOTE In the Ninth Wright Brothers 
Lecture presented before the Institute of Aeronautical 
Sciences by H. Roxbee Cox on the subject of “British 
\ircraft Gas Turbines”, the speaker said that the sheet 
metal construction for the bulk of the combustion sys- 
tems on all engines was a prolific source of trouble. 
Failures at welded joints were gradually overcome by 
study of resistance welding techniques, correct choice 
of material, and careful attention to finish. Fatigue 
failures have been eliminated by careful 
design of contour, stiffening, and reduc- 
tion of sources of vibration. Fretting fail- 
ures (seizure) have been avoided by 
arranging small air gaps at susceptible 
junctions. Failures from flame impinge- 
ment and poor heat distribution in the 
flame tubes have disappeared with designs 
having no thin metal parts in the flame 
region, and with improved fuel injection. 
Failures in blades, once common, are 
avoided by accurate manufacturing, by 
avoiding small radii at root junctions, by 
providing for turbine vibration, and by 
improving the material. Standard turbine 
blading is “Nimonic 80", developed by 
Mond Nickel Co. in 1940; “it has excellent 
creep and fatigue properties at the work- 
ing temperature, is sufficiently easily 
forged at about 2000° F. to permit blanks 
to be stamped practically to finished size”. 
Steep temperature gradients in gas turbine 
disks have caused much special research, 

In commenting on this paper, Carlton 
Kemper, executive engineer of aircraft 
engine fesearch laboratory, National Advi- 
sory Committee for Aeronautics, said 
“Improving the metallurgical properties of 
materials for combustion chamber liners, 
turbine disks and blading will increase 
not only the efliciency of the unit, since it 
will permit operating at higher tempera- 
tures and higher compression ratios, but 
also the life of the jet engine.” 
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work, form, weld. I might be a little bit shy of 
such alloys from the fabrication standpoint. 
Inconel and such materials as 25-20 are very 
readily formed, very easily spot and seam welded 
(and that seems to be the favorite construction). 

It might be of interest to mention that in 
their similar structures the Germans used simple 
calorized, low carbon sheet — that is, aluminum 
impregnated sheet. However, their units were 
very short lived, very bulky, and they had very 
complex cooling systems. Although they appar- 
ently did the job that they wanted to do (in some 
engines), we don’t feel that that type of construc- 
tion is going to be the ultimate answer on com- 
bustion chamber construction. 

FRANKS — We understand that the Germans 
replaced the combustion liner in jet engines every 
25 hr. That is a rather short time and we certainly 
want better life than that.* 

Evans — So much for the time being for com- 
bustion chambers. From the combustion chamber 
gas is passed through what is known as a “dia- 
phragm” which is nothing more or less than a 
series of guides or stationary vanes which direct 
the hot gas at the proper angle against the mov- 
ing blades of the rotor turbine. Dr. Mohling, I 
would like you, if you don’t mind, to tell us some 
of the history of the development of diaphragm 
sections for the aircraft turbocharger. 

MoHLING — Supercharger diaphragms were 
originally made of Type 316 stainless (18-8 Mo) 
fabricated sheet. However, there were a lot of 
troubles from warping and cracking of welds, so 
in cooperation with General Electric our company 
brought out a cast diaphragm of 25-20 which 
worked very well, even though 25 chromium, 20 
nickel (balance iron) is weaker than 18-8 Mo. 

BapGer — On jet engine nozzle diaphragms 
there is rather a different problem than on the 
vanes for turbo superchargers in that the efficiency 
of that particular part of the equipment is very 
important and any loss through unnecessary [ric- 
tion or incorrect directional flow of gas is very 
detrimental to the over-all action of the engine. 
Accordingly, the sand castings that were widely 
used for the turbo supercharger did not have 
sufficiently accurate spacing of the blading, suffi- 
ciently accurate form or sufficient smoothness on 
the air foil section to make them acceptable. As a 
result, fabricated nozzle diaphragms have been 
used in jet engines. Speaking generally, at one 
time these were fabricated of sheet — the separate 

*Eprror’s NOTE In contrast to the opinion held 
by American aviators who have met German jets in 
combat, American metallurgists generally believe the 
German engines were constructed of inferior mate- 
rials. 


blades are made individually, and then assembjeq 
in the diaphragm. Subsequently, forgings or pre. 
cision castings have been used and welded into 
sheet shroud bands, or precision castings alone 
have been assembled by welding. For forgings, 
Type 347 (18-8 Cb) and Type 310 (25-20) stainless 
have been used. For fabricated sheet, Type 319 
has been used both for the vanes and the shrouds 
For castings, Vitallium (or the modified Haynes. 
Stellite No. 21 alloy, of which I spoke before as 4 
sheet lining material) has been used, as well as 
Type 310 stainless. 

Evans — Mr. Mochel, would you care to com- 
ment on diaphragms? 

MocHeEL — Mr. Badger has already mentioned 
the problems we met in the Westinghouse engines 
We use shroud bands — both inner and outer - 
of 25-20, with holes punched through it to support 
the blade. We have from the very beginning used 
precision cast blades for the stationary diaphragm 
vanes. We originally used the modified Vitallium 
that Mr. Badger referred to, although the 25° 
chromium, 20% nickel alloy seems to be a little 
more ductile and may be able to meet various 
service conditions better than the other. At any 
rate it is now being actively investigated. I think 
Mr. Johnson has something to add. 

JOHNSON — I don’t know whether Mr. Badger 
pointed out that we are using a fabricated dia- 
phragm on the jet engine and a forged nozzle 
blade — that is a drop forging of Type 347 stain- 
less (nominally 18% Cr, 8% Ni, 1% Cb). 

Evans — Incidentally, when we say 29-20 we 
mean the standard A.1.S.I. alloy Type 310 which 
has been used in a number of applications to resis! 
high temperature and corrosion for a good many 
years. One of the points that we want to bring out 
in this discussion is that we are making use of 
materials that we already know a good deal about. 

We are leaving diaphragms. Then we come 
right up against our primary problem which is 
turbine wheels and buckets (or blades). This 
rapidly rotating unit is the limiting bottleneck in 
the design of the really high temperature equip- 
ment — and even of all the turbines that we have 
talked about so far. The centrifugal stresses, 
caused largely by the weight of the disk in rota 
tion, are higher there than in any other part. The 
deformation allowable is lower, and they are 
expensive to build—that is at least one reason 
why we want these wheels to last a long time. We 
try to be as kind as we can to the rotating parts 
by keeping our working temperatures as low 4 
possible. However, efficiency runs up rapidly 4 
gas temperatures go higher and higher. Particu- 
larly in the simple unit such as the jet engine and 
the gas turbine design that Mr. Mochel talked 
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marine or locomotive turbine, 


Fig. 7 —- Graphical Representation 
of Test Programs to Determine Prop- Temperature !s Constant the stresses are lower, and 
erties at a Given High Temperature a | | permissible deformations are 





about we can’t take too much of 
the heat generated in the com- 


Stress, PSI. 





(log-log Cooranates) 


considerably lower because 
the service lives are longer. 
These materials are evalu- 


ated by creep tests, wherein 








bustion chamber away from the ' onli a series of specimens is sub- 
gas before it hits the turbine. Time for Rupture, Hr jected to a series of stresses, 
Therefore, temperatures of the Fig. 7a — Stress-to-Rupture all sufficiently low so that 















blades and rotors are apt to be Plot, Single Temperature rupture does not occur (or, 
very high. I would like to ask if it does, only after a long 
Mr. Cross to help us with an Fracture time), and the time-deforma- 
explanation of some of these s im hee tion characteristics of each 
problems and to describe briefly + on Turd) Stage are determined by noting the 
the tests by which we are - Second Stage, rate of deformation at spe- 
attempting to evaluate suitable S Transition Pont cific time intervals and the 
material for these rotating parts. S First Stage total deformation at those 
Cross——I would like to B Temp. Is Constant same time intervals. 
emphasize an idea that Mr. Stress Is Constant Combining — stress-rup- 
Mochel previously mentioned Time, Hr ture test data and creep test 
and that is that there are four Fig. 7b — Plot of Typical Creep Test data we can prepare charts 


factors that must be considered 
in evaluating material for high 


for the use of the designing 
engineer which relate the 





temperature service — the 

|. These are stress, temperature, 
expected service life, and the per- 
deformation during 
We must know all 
items before we 


missible 
service life. 
four of these 


Stress, Psi, 





s-Rupture Curve 


four e g SUES: 
~ ' 
shown outside the square of Fig. iy, 
=f 


Transition Pont Curve 





Temp. /s Constant © 0/% Total Strain 


four factors of stress, tem- 
perature, allowable deforma- 
| tion, and the expected service 

life. This we are doing for 
| most of the important mate- 
rials that are now being con- 


sidered for turbine wheels 





can properly evaluate a material. Time, He, Logarithnc and buckets, not only for 

If you disregard one of them, turbo superchargers but also 
fig. 7c —- Curves for Designer , : . 
Fig. 7 ee ae ere for gas turbines, for engines 


you are likely to make a disas- 
trous error. 

In this gas turbine field, for the first time, we 
have had an opportunity to run tests for nearly 
the same length of time as the expected service 
life of the equipment being considered. The serv- 
ice life of both the wheels and buckets in the turbo 
superchargers is short. However, the material 
must not rupture. Clearances are not too close, so 
there were no stringent requirements on permis- 
sible deformation during this short life. 

Consequently, “stress-rupture” tests were used 
to evaluate material for this service. A series of 
lest specimens was loaded at a series of different 
Stresses at the temperature of interest. If the unit 
load was above a certain critical figure the test 
piece would eventu ally break, and the time 
required (the “rupture life”) and the elongation 
at rupture were measured. Log-log plots of stress 
versus rupture time were prepared, and these per- 
mit useful interpolations and extrapolations to be 
made for each alloy, and also comparisons between 
the rupture strengths of different alloys. 

For long-time gas turbine service, such as in a 
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for aircraft propulsion, and 
for long-time service power units.* 

In addition to the above, the fatigue proper- 
ties are also important. Some fatigue failures 
have occurred in these pieces of high temperature 
equipment, and since these materials have low 
damping capacities, the fatigue resistance is impor- 
tant and it is being determined on most of them. 

Evans — Thank you. I think next il might be 
of interest to have Mr. Franks review for us the 
high temperature material situation, specifically 
in relation to alloys fairly well known before the 
advent of these so-called superalloys. 

FRANKS — The discussion so far on the prop- 
erties of the high chromium, high cobalt, high 
nickel materials has given little information about 
the recently developed high temperature alloys. 


All of you have known for a long time that 


A more comprehensive discus- 
sion of the tests and their interpretation by the 
designer is given in C, T. Evans’s article in Metal 
Progress for November 1945, entitled “Wrought Heat 
Resisting Alloys for Gas Engine Service”. 


*Eprirorn’s NOTE 
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so-called stainless steels of various types have 
been used at elevated temperatures. These uses 
have had little or nothing to do with the present 
situation for the simple reason that material, say, 
in a furnace part, a tube sheet or the like could 
deform a considerable amount without destroying 
its utility or shutting the equipment down. The 
problem in connection with metals for the jet 
engines and gas turbines has been entirely differ- 
ent. The materials for these engines were 
required to retain their dimensions at high tem- 
perature just as ordinary steels do when a gear, 


for example, operates at room temperature. § 
the problem of retention of dimensions — that js 
lack of deformation — when heated to tie high 
temperatures of combustion gas was the problem 
that confronted the metallurgist. 

Around 1940 or thereabout, when the interes 
in these materials became great, the strongest 
material for high temperature use (with the excep. 
tion of the Haynes Stellite alloys) was Type 316 
stainless steel, ordinarily spoken of as 18-8 moly. 
although its average composition was more like 
17% chromium, 12% nickel, and 2% molybdenum, 
It may not seem important to yoy 
now, but strange as it seems, that was 
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Stress to Produce Rupture 
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the exact situation. This austenitic 
steel, even without fortification with 
molybdenum, had a creep strength at 
— the high temperature of gas turbine 
operations that was considerably 
above that of ordinary steel, but even 
so the strength of the metal was far 
too low. Now just to give you an idea 
of what has happened since 1940 | 
would call your attention to a dia- 
gram made by our chairman (Fig. §). 
This diagram shows the high temper- 
ature characteristics of low carbon 
boiler steel, the 5% Cr-Mo steel 
adopted by the refinery industry for 
still tubes handling corrosive crudes, 
the simple 18% chromium, 8% nickel 
stainless steel and the 18-8 moly, all 
in advancing order in the lower left 
section. Horizontal ordinates are 








Key to Both Figures: 
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temperatures and vertical ordinates 


Superalloys Class A~Normaly Not Heat Treated el. ge LARS 
gus - B- -- Heat Treated are stresses. The four lines represent 


average values for the alloys current 
in 1940. You will notice that directly 
above the curve for 18-8 moly there 


—je See tn Produce Secondary ] are three distinct areas marked A, 8 

Creep Rate of /% in 10000 Hr and C. Area A represents conditions 

~ Versus Temperature — for what are classed as superalloys 
| 


used without heat treatment. Area B 
gives the range of stress for super- 
alloys that may be improved by pre- 
liminary heat treatment, whereas the 
best test figures of all are in C, for 
superalloys used in the as-cast condi- 
tion. It can be seen that in general 4 
considerable improvement of the 
strength of materials has been 








1000 1200 /400 
Temperature, F 


achieved during this five-year period 
since about 1940. Metallurgically 


Fig. 8 — Creep Stresses (1% in 10,000 Hr.) and Rupture Stresses speaking, there has certainly beet 
(in 1000 Hr.) for the “Standard” Steels as of 1940 and the More progress in improving the strength 0! 
Recently Developed ‘‘Superalloys”—A, Normally Not Heat Treated; materials extending into the range 
B, Normally Heat Treated; C, Normally Used As-Cast (C. T. Evans, Jr.) from about 1400° F. up to 1600 
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EVANS Thank you. It might be 
instructive to have Mr. Johnson of the 
General Electric Co. give us a “blow by 
blow” description, if you want to call it 
that, of the battle for improved materials 
in the large aircraft turbo supercharger. 

JOHNSON “Blow by blow”. We first 
used common S.A.E. 2335 for the wheel 
(that was in 1918) and at the same time 
S.A.E. 6150 was the bucket material. Later 
6150 was used for the wheel alloy. To 
follow through on the wheel, the next 
material selected was silcrome No. 1 
(exhaust valve alloy), later 17W for its 
good stress-rupture properties. We then 
used Gamma Columbium, and _ finally 
Timken alloy 16-25-5, which has been out- 
standing in performance and the one that 
has been in major production throughout 
the war. Now then back to the bucket — 

EVANS What is the analysis of the 
Timken alloy? 

JOHNSON 16% chromium, 25% 
nickel, 6° molybdenum, low carbon, some 
nitrogen, manganese and silicon, and the 
balance iron. 

Evans--I think it is interesting 
to point out that Mr. Franks noted that 
18-8 with molybdenum was the best high 
temperature material prior to the advent 
of these so-called superalloys, and here we 
have another outstanding high tempera- 
ture material containing a notable per- 
centage of molybdenum. 

JOHNSON Following through the 
development of bucket materials: After 
S.A.E. 6159, silerome No. 1 came to play 
its part. Then we used a British alloy, 
K.&E. 965; after that 17 W, and later S-495 

all of which were forged alloys. Then 
came cast Vitallium which assumed the 
role of the main production material for 
the turbo supercharger buckets. 

EVANS We could stop and specify 
these analyses in more detail. I think 17W 
is one you might describe, Bob — or is it 
still restricted information? 

JoHnsonN— The analysis is common 
property. It had approximately 14% 
chromium, 19% nickel, 2.5% tungsten, 
0.5% molybdenum, carbon around 0.40% 
and the balance iron. 

EVANS I think that Gamma Colum- 
bium is another one that you might tell 
about. 

JOHNSON — That was very much the 
same as 16-25-6. However, instead of hav- 
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ing 6% molybdenum we used 3% of columbium to 
replace that much molybdenum, the carbon was 
raised and the nitrogen was left out. There were 
some problems in this substitution, for it was 
somewhat more difficult to weld and to machine. 
Physical properties were very good, though. 

Evans — It is hard to draw sharp distinctions 
in this whole picture, but I think probably that 
17W, Gamma Columbium and Timken’s 16-25-6 
were certainly among the first of the alloys to come 
into the classification of superalloys. I think that 
it would be helpful if Mr. Cross would take up 
where Mr. Johnson left off and describe the gen- 
eral characteristics of that first class of so-called 
superalloys. : 

Cross — As Mr. Johnson said, the 17W alloy 
is a nickel-chromium-iron alloy and was used for 
the supercharger wheel. Alloys in group A nor- 
mally used without heat treatment, as shown in 
Fig. 8, are essentially chromium-nickel-iron alloys 
with sizable additions of one or more of the ele- 
ments molybdenum, tungsten, titanium and colum- 
bium. The Timken alloy, 16% chromium, 25% 
nickel, 6% molybdenum, balance iron, also falls in 
this class. The alloys with properties between 17 W 
and Timken’s are 19-9 W+Mo; 19-9 DL; E.M.E.; 
and 234A5; they are all essentially alloys con- 
taining about 19% chromium, 9% nickel, and 
molybdenum and tungsten in amounts up to about 
1.5%. They have small columbium and titanium 
additions. The 234A5 alloy has 4% of manganese 
replacing a like amount of nickel. They appear 
to be better than the straight 18-8 with molybde- 
num only, as an addition. 

These alloys are usually used in wheels for 
turbo superchargers and gas turbines with operat- 
ing temperatures up to about 1200° F. Their best 
properties are obtained when they have been 
worked (forged or pressed) in the temperature 
range of about 1200 to 1400° F. After such 
work, yield strengths at 0.2% offset are obtained in 
~ *Eprror’s Nore — Martin Fleischmann, metal- 
lurgical engineer for Steel & Tube Division of Timken 
Roller Bearing Co., has furnished the following infor- 
mation about its patented 16-25-6 alloy, as well as 
values in Table I and Fig. 9 and 10: 

Alloy 16-25-6 was first produced in 1942 in 
response to a demand for turbo supercharger wheels. 
More than 6000 tons of it have been shipped since 
then, mostly produced in 25-ton are furnaces and cast 
into 14 to 21-in. round corrugated ingots. 

Its composition is based on the firm’s successful 
16-13-3 composition. About 16% chromium and 1% 
silicon were judged necessary for corrosion and scal- 
ing resistance; molybdenum — the best alloy for high 
temperature strength — was limited to 6% for steel- 
making reasons, and 25% nickel was required to 
insure an austenitic structure free from delta con- 
stituent. Nitrogen was also introduced, rather than 
carbon, for its stabilization and strengthening effects. 
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Fig. 9 — Creep Rates of 16-25-6 Alloy in 
Forged and Solution Treated Condition 














room temperature tests of 60,000 psi. and up 
Rupture strengths at 1200° F. and 1000 hr. ar 
about 35,000 psi. and up, and for 100 hr. ruptur 
about 45,000 psi. and up.* 

Looking at the class B alloys of Fig. & ther 
are several alloys which by proper working can ly 
heat treated to produce about the same properties 
that are obtained in the alloys just mentioned 
The British use Nimonic 80, which is principail 
a nickel-chromium alloy, having very litth 
iron but some aluminum and titanium 
for precipitation hardening. In this country, w 
have used hardenable Inconels — Inconel W and 
Inconel X. These alloys are principally nickel, 
containing about 14% chromium, whereas the 
British alloy contains about 20% chromium 
Inconel X, which has recently been suggested, con- 
tains about 1% columbium in addition to the 
titanium and aluminum, and this 
increase the ductility. These heat treatable alloys 
will produce slightly higher properties than some 
of those that are worked (Class A) and 100-hi 


added 


seems lt 


Composition range is as follows: Carbon 0.12 
max., nitrogen 0.10 to 0.20%, manganese 2% max. 
silicon 1% max., chromium 15 to 17%, nickel 24 t 
27%, molybdenum 5.5 to 7.0%. 

The alloy is intrinsically too hard to be rolled! 
blooming mills suitable for low alloy steels, so ingots 
are reduced to 8-in. blooms in hydraulic presses, ther 
hammered to 5-in. blooms, and finally rolled fron 
there on down in toolsteel mills. Maximum forging 
temperature is 2000° F. “Cold working” effects start 
as the metal cools past 1700° F.; physical properties 
of the billet, bar or upset disk, therefore, depend ‘ 
finishing temperature and also upon amount © 
reduction in the last squeeze facts thoroughly 
exploited in the die design and forging practice spect 
fied by General Electric Co. for supercharger whee! 

Tempering a forging or hot rolled bar changes 
its physical properties slightly; 70 hr. at [200 © 
1300° F. increases the hardness about three points °" 


Metal Progress; Page 108 





Stress,.psi 








DOF) 1100°F 
7 | u 
1200 ° 
a 
ol Xo 
20°F 3 p00 f 
a 20000 j 
eal - 
OF) ° 
48 #10000 
= w) 
v 
£ 
{ v. 
5000 
3000 
2000 
=, 4 
1000 
01 02 0.5 | 234$ 10 20 304050 100 =©200 500 1000 2000 10,000 
Time for rupture, hr 
uy Fig. 10 — Stress-Rupture Curves for Timken’s 16-25-6 Alloy in Forged and Solution Treated Condi- 
sa tion. Comparison lines are drawn at 1500° F. for austenitic 18-8 and pearlitic Sicromo 5-S (5% 
aa Cr, 0.5% Mo, 1.5% Si). Drawings for Fig. 9 and 10 reproduced from The Iron Age, Jan. 24, 1946 
rs rupture times at stresses in excess of 50,000 psi. gram, as Mr. Cross indicated, are more highly 
; at 1200° F. have been obtained. alloyed and are characterized by being heat treat- 
Les " , P ° a , . “ . 
Evans — We have arbitrarily kept the super- able — that is, they obtain their best properties 
se alloys under the three groups of Fig. 8. Mr. Cross, after heat treatment. I will ask Mr. Franks to tell 
aly - ° . — ° ° 
tl | think, has given us a good general picture of the us more about some of the compositions within 
: first two groups. He mentioned a lot of analyses that classification. 
es and a lot of alloys about which some in the audi- FraNKS —I think that Mr. Cross put the 
Wt ‘ wae 2 . 
; ence might be curious. When the floor becomes emphasis on the class A alloys exactly where it 
n , , . , : — 
open, we hope that if you want more information should be — and that is that some help from the 
el, , . ° . . . : 
on any of these you will speak right up. We will standpoint of working has been needed to make 
le ’ y i : 7 mn 
7 supply the data if we have it and if we can. The those alloys usable. The range of temperatures 
H y , . P eo: , 
: second class of alloys, called class B on that dia- used — roughly 1200 to 1400° F.— leaves us in a 
he the Rockwell C scale; 1400° F. leaves the hardness (originally hot rolled and solution treated, respect- 
t unchanged; 1500 to 1700° F. reduces the hardness ively) after 20-hr. temperings are as follows: 
- about 6 points in 70 hr. ; — TEMPERING SAMPLE C SAMPLE F 
Microstructure of hot rolled 1-in. bars is fine aie seg Sees 
, aad : . : . 2. None C-32 C-27 
ne grained austenite (nonmagnetic) with fine spheroids 1200° F C29 C-29 
r. of a second constituent arranged in bands (the result 1300 . C on C an 
of ingotism). This constituent may be put in solution 1400 c =4 C ~ 
by heating to 2150° F. or above. Such homogenized 1500 C29 C-20 
: austenite (hardness C-5) shows characteristic age 1600 C 20 C 17 
{ . ° ° ) s*& ahd 
hardening effects on long tempering, taking 10 hr. 1700 C-17 C-16 
’ at 1400° F. to reach its maximum of C-18, 2 hr. at : : ; : 
| 1500° F. to reach C-13 (which hardness remains con- Stress-rupture curves of test pieces water 
Z stant indefinitely), while 1600° F. induces overaging quenched from 2150° F. are shown in Fig. 10; for long 
. (softening) of 3 points below its hardness maximum rupture times these values are not improved by pre- 
, after 30 hr. at heat. Such temperings produce a fine vious cold work or precipitation hardening if tempera- 
° diffuse precipitate, observable at 1000X, as expected, tures are above 1200° F. Likewise, lowest creep rates 
but no growth of the austenitic grain size. are when the metal is in the homogenized (solution 
: treated) condition; see Fig. 9%. Rotating fatigue tests 





Representative physical properties are shown in 
Table I, page 107. Tempering after cold work relieves 
internal stress, precipitates fine excess constituent and 
then spheroidizes the precipitate; the relative influ- 
ence of these changes on strength and hardness 
depends on temperature, time and previous history of 


at elevated temperatures give endurance limits above 
the stress for rupture at 10,000 hr. for the correspond- 
ing temperature. 
Coeflicients of thermal expansion are as follows: 
70 to 200° F. 8.4x10° in. per in. per °F. 


the sample; 20 hr. at heat seems to be enough to pro- 70 to 600 8.85 
duce Stability for temperatures up to 1500° F. Hard- 70 to 1000 9,2 
hesses of 20% stretched samples C and F of Table | 70 to 1400 9.5 
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quandary as to how to describe it. It cannot be 
said to be “cold work”, for this ordinarily means 
pressing or flanging at room temperature or only 
slightly warmed. On the other hand “hot work” 
means (for steels, at least) rolling or forging at 
temperatures above 1700° F., where the metal 


glows with color. What shall we call this new 
range where working strengthens hot metal? Some 
compromise, and say “hot-cold”! 

At any rate the primary object of the work 
done on class B alloys has been done to develop 
enhanced strength by heat treatment which may 
or may not be helped by working. As a matter of 
fact, the working of alloys of class B does not help 
the high temperature strength when the alloys are 
in the neighborhood of 1300° F. or higher. Best 
results then are definitely obtained by the use of 
a heat treatment. I think that is an important 
point to remember. 

Two of the compositions with the lowest alloy 
content wrought materials —that have been 
developed in this class have been the ones known 
as N153 and N155. 

Evans — While Russell is putting the com- 
position on the blackboard I would like to make 
just one comment on the class A alloys. The 
impression should not be given that those mate- 
rials ——normally not heat treated —cannot be 
used unless they have been cold worked, hot-cold 
worked, or warm worked, or whatever you want 
to call the processing at 1200 to 1400° F. Where 
it is required that the high temperature machinery 
have a very long operating life, such as the power 
gas turbine designed for at least 10 years’ service, 
or the diesel engine turbo supercharger which is 
designed for indefinite service (some of them have 
been in the field, continuously operating, for 
nearly five years) these alloys, when properly han- 
dled, worked and stress relieved, do have remark- 
able stability and very low creep rates within the 
working temperature range of 950 to 1200° F. 

FraNKS— This N155 alloy contains 20% 
chromium, to give good oxidation resistance alt 
high temperatures, with 20% nickel, 20% cobalt, 
3% molybdenum, 2% tungsten, and 1% colum- 
bium. Quite a galaxy of good metals! This metal 
has been produced with a low carbon content and 
with a relatively high carbon content —that is, 
in two ranges, one around 0.10 to 0.20% and the 
other from 0.30 to 0.40%. It can be readily hot 
worked. It is extremely strong even though it 
has relatively good hot workability. Naturally the 
hot working has to be carried on slowly as com- 
pared to the rates permissible for the stainless 
steels. It can be welded and it represents a “well 
balanced” alloy. Its stress-to-rupture in 1000 hr. 
at 1500° F. is 16,500 psi., in comparison with 


14,200 for Vitallium and 7000 psi. for {8-8 Mi 
Type 316 steel. Other details of its physical ang 
mechanical properties as well as creep anid stres,. 
rupture tests are given in Tables IV, V and \j> 
pages 114 to 116). 

The N153 alloy contains the same elements 
N155 with the exception that the chromium ¢op. 
tent is about 16%, the nickel around 15°, cob}; 
about 12%, with molybdenum 3%, tungsten 2? | 
and columbium 1%. N153 has also been devel. 
oped in both high and low carbon contents and jj 
like the N155 type of alloy, has high temperature 
strength with good fabricating characteristics. 

Evans— Thank you. That just opens th 
discussion on the class B alloys. We are not going 
into too much detail at this time, but I do wan 
to mention one of the older compositions that js 
heat treatable that is, gets its properties }y 
heat treatment and which has done a very int a 
esting and useful piece of work. Who can hy 
me out on Hastelloy alloy B? . 

BapGer — Hastelloy alloy B has been on 
market something over 10 years. It was developed 
for corrosion resistance to hydrochloric acid solu- 
tions and sulphuric acid solutions up to the boiling 
point. It was available in the wrought form but 
caused considerable difficulty in rolling and forg- 
ing operations. When the need for parts to work 
at high temperature developed, we found that this 
alloy, fully annealed after rolling, carried in excess 
of 60,000 psi. at 1500° F. After suitable aging 
treatment — which, of course, reduced the ductil- 
ity considerably — the strength would be in excess 
of 80,000 or even 90,000 psi. at 1500° F. 

Although this alloy was available at the begin- 
ning of the war, the problems of producing drop 
forgings from it satisfactorily had not been worked 
out. That problem was attacked at General Elec- 
tric’s River Works and adequately solved, so tha! 
alloy B was used throughout the production of th: 
G.E. I-16 engine for the turbine blades. It did a 
very creditable job. It was also set up for the 
standard alloy for the big blades on the I-40 unil. 
However, the forging difficulties were sufficiently 
great and the forging facilities of the type neces 
sary were pretty well tied up on other work. Con- 
sequently no I-40 engines were made in production 
with forged Hastelloy alloy B blades, although " 
was the standard material for the job, and the 
experimental work had been satisfactorily done 
with it. 

Incidentally, Hastelloy B is the peculiar alloy 
of the whole group in that it carries no chromium 
at all. Its analysis is (in round numbers) molybde- 

*Epiror’s Note — Data for these tables were 
released by the Governmental censor after the January 
meeting in Cleveland. 
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oum 28°, iron 5%, nickel 66%, carbon 0.10%. 
4l] of those elements are available right here on 
this continent. From that point of view, it was 
attractive at one time during the war when foreign 
shipping and imports of metal from Africa, India 
and South America were in serious trouble. 

Evans — Mr. Badger, do you think it would 
be proper to mention the oxidation problem on 
Hastelloy alloy B? 

Bapcer ——- Yes. Due to the fact that there is 
no chromium in it, there is a definite limitation to 
the top temperature at which it can be operated 
satisfactorily. For periods up to 300 to 400 hr. the 
top temperature is 1400° F. For periods of opera- 
tion from 1000 to 5000 or 10,000 hr., top tempera- 
ure is between 1300 and 1350° F. Otherwise 
sidation, with ensuing loss of molybdenum, is 
likely to occur. 

Cross — May I cut in here? I think it should 
be mentioned, in addition to what Mr. Franks says 
about N155 in the ranges of carbon up to about 
040%, that some work has been in progress at 
Massachusetts Institute of Technology for several 
years for the Navy on carbon contents for N155 
up to 1.00 to 1.25%. Very promising results have 
been obtained. 

Evans —- Am I correct in believing that those 
are cast compositions? 

Cross — Yes, they are cast; that is true. They 
have the same general composition as the N155 
that Mr. Franks recounted. 

They do not belong in this class B 
then, but rather in class C. Class B is intended 
to be made of those compositions that can be 
wrought. Of course, many of them can also 
be used as castings, as we will show later 


EVANS 


Evans —I am not going to let you get away 
that easily! I wish you would do what Mr. Franks 
did for us (if you have no objection to doing so) 
and show the limits of, let us say, your alloy S49 
and then it will not take you long to tell how you 
modified it for the other alloys. 


MOHLING Carbon is aimed at 0.40 in all 
three alloys, $495, S590, and $816. Chromium 
in $495 is 14%, and 20% in the other two. Nickel 


$495 has no cobalt; $590 has 
20% cobalt and S816, 43%. Molybdenum, tung- 
sten, and columbium each 4% in all three 
alloys. Details of composition and thermal prop- 
erties are given in Table Il. Both S590 and S816 
are precipitation hardening alloys and optimum 


is 20% in all three. 


are 


properties are secured from a solution treatment 
at 2300° F., and a water quench, followed by aging 
at least 10 hr. at 1400 or 1500° F. Higher temper- 
ature solution treatments give slightly better rup- 
ture creep strengths at the lower 
ductility. We do not recommend strengthening 
the solution treated structures by cold work. 

Both these alloys are very hard and stiff at 
forging temperatures; top forging temperature is 
2300° F.; reheatings may be 100° F. lower. Long 
soakings are necessary to counteract the low heat 
The alloys have no hot short range, 
a high tempera- 
for 


and cost of 


conductivity. 
but “work hardening” starts at 
ture, so reheatings are 
forgeability. 

Machining is somewhat difficult and should be 


frequent necessary 


done at low feeds and speeds, using a positive cut. 





on. However, there is another group of 
alloys in class B, and I would like it if Mr. 
Mohling would describe them for us. 
MonLinG — We developed a number of 
alloys of the same general composition as 
N155 with higher tungsten, molybdenum 
and columbium. Carbon is in the medium 
range. The main advantage of these alloys 
is that they have been produced in very 
large scale, cast into ingots up to 16 in., and 
forged and rolled under commercial condi- 
tions. They are also easily forgeable as drop 
lorgings, like buckets; large forgings up to 
1000 Ib. have been made under the hammer. 
These alloys have been held under test in 
our laboratories for several years and we 
have tests on them up to 15,000 hr. showing 
that they are stable over long periods at the 
range of about 1300 to 1500° F. I think 


that is all that needs be said about them 





For drilling, the solution treated condition (soft- 
Table Il — Alloys 8590 and S816 
$590 S816 
Analysis: Carbon 0.40% 0.40% 
Silicon 0.65 0.40 
Manganese 1.65 0.50 
Chromium 20. 20. 
Nickel 20. 20. 
Cobalt 20. 43. 
Molybdenum 4.0 4.0 
Tungsten 4.0 4.0 
Columbium 4.0 4.0 
Iron 35.0 4.0 
Melting point (approx.) 2400° F. 2400° F. 
Specific gravity 8.34 8.66 
Coeflicient of expansion (in. per in. per °F.) 
70 to 600° F. 7.6x10° 6.6x 10° 
70 to 1000° F. 8.0 7.1 
70 to 1400° F. 8.3 7.7 
70 to 1800° F. 8.4 8.3 
Thermal conductivity, B.t.u. per hr. per ft.. per in. per °F. 
at 120°F. 83 
at 400° F. 104 
at 725° F. 121 
at 1110°F. 147 








just now. 
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I should add tha 
the data in the tables ang 
figures presented include 
results obtained by Upj. 
versity of Michigan, Bat. 
telle Memorial Institute 
General Electric ang 
Westinghouse labora. 
tories, as well as Alle. 
gheny Ludlum’s 

Evans — Thank you 
You have heard a lot 
about heat treatment ip 
the last few minutes. We 
are of the opinion that 
the whole routine of heat 
treatment of materials js 
one of the most impor- 
tant developments of this 
whole research int 
superalloys. We had no 
idea when we started to 
work on this problem 
about five years ago that 
we could heat treat these 


Table III — Tensile Properties of Allegheny Ludlum Alloys $590 and S816 


| 
| ULTIMATE | 0.02% | E.Lone. | Repuc- | MopuLUs OF 


NATURE 2 z 4 
STRENGTH | YrELD| 2 IN. | TION | ELASTICITY 





MARK 


Alloy S590; 0.505-in. test pieces tested at room temperature | 
As rolled* 152,000 80,000 | 19 | 25 
Solution treated and aged+ 140,000 | 42,000 | 20 19 
Precision cast 84,000 | 37,000 4 10 


$590, tested at high temperatures (pulling rate: 0.05 in. per min.) 
B, tested at 1200° F. 81,600 | 49,000 | 27 ae 
B, tested at 1350° F. 65,750 | 46,000 25 30 | 


| 29,000,000 


16,000,000 


| 


Alloy S816; 0.505-in. test pieces tested at room temperature 
39 | 


| 175,000 | 73,000 45 | 
| 159,000 (68,000; 21 20 31,000,000 
| 112,000 |59,000; 5 | 13 | 

$816; tested at high temperatures (pulling rate: 0.05 in. per min.) 

at 1200° F. | 120,000 | 17 22 
at 1350° F. ' 98,900 15 22 
at 1500° F. 78,250 12 21 
at 1700° F. 46,200 | 14 17 


As rolled* 
Solution treated and agedt+ 
Precision cast 


G, tested 
G, tested 
G, tested 
s G, tested 


15,000,000 











*Alloys work harden even at very high temperatures; strength in the rolled con- 
dition therefore depends very largely on the finishing temperature. 

tTypical resulls; average of many tests. Test pieces held 1 hr. at 2300° F., 
quenched, annealed 16 hr. at 1400° F., air cooled. 


water 


est) appears best, but for other operations many 
shops prefer the age hardened condition. This is 
due to the fact that the rate of work hardening 
which is very high in the soft (solution treated) 
condition, is quite low in the aged condition. 

Data from stress-rupture tests and creep tests 
are charted in Fig. 9 and 10 for S590 and S816 
respectively. Note that the stress-rupture curves 
for wrought test pieces are a little higher than for 
precision cast test pieces, but the latter retain 
good strength at very high temperatures — at least 
for 1000 hr. Also notice that S816 has much 
superior high strength properties to $590; for 
example, the curve for 1000-hr. rupture for S816 
is practically the same as the 100-hr. curve for 
$590. Short time tensile tests listed in Table III, 
above, also show this superiority. 

I also have some scattered data on endurance 
of S590 and S816, as well as their toughness, and 
hardness after high temperature aging: 


$590 
Charpy impact, V notch 
at 70° F. 
at 1500 
Endurance limit, 10° cycles 
at 1200° F. 
at 1500 
Hardness 
Quenched 
Aged 16 hr. 1500° F. 
1700° F. 
1900° F. 


8 ft-lb. 


27 


45 


RocKWELL 
C-20 to 22 
C-30 to 32 
C-24 to 27 


BriNELL 
241 
302 
269 


255 
311 
293 


977 


ali 


$816 


26 ft-lb. 


68,000 psi. 
33,000 


BriNELL 


Rock WELL 


alloys and get the extremely high stress-rupture 
and creep properties that they were eventuall 
found to possess. 

Let us finish up our discussion of the three 
classes of alloys by asking Mr. Badger to describe 
briefly the characteristics of class C of Fig. 5, 
which are the highest strength compositions and 
are cast materials. Mr. Badger. 

BapGer — Class C alloys in general are cobalt- 
based, Stellite type alloys which Mr. Franks has 
They are chiefly used in the form ol 


mentioned. 
castings made by the precision casting process. 
Due to the fact that they are alloys of low iron 
content their ductility is, in general, not as high 
as those of the other alloys that we have been talh- 
ing about, and the changes made in the older 
standardized alloys in order to make them suitable 
for the war program were primarily for improving 
their ductility at high and low temperature. This 
is done chiefly by reducing the car 
bon content. 

Class C alloys are precipitation 
hardening alloys, and they maintain 
their strength properties by th 
gradual and constant precipitation 
of strengthening phases within th 
microstructure at the temperature ©! 

*Epitor’s Nore — This was fully 
described and _ illustrated in “Supe! 
charger Buckets Mass Produced by Pre 
cision Casting” by Arthur E. F cke | 
Metal Progress for September 1'40 


C-26 to 27 
C-32 to 33 
C-29 to 31 
C-26 to 28 
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, 50 fr 
tha pperes ten ae icon iners a Fracture in 2243 Hr, 27% El, 32% RA | 
instances, the physical prop ‘ $590 
Per erties are changed much 40 pe a 
clude faster if they are aged for oat Rechre Tense and Ductity) 
seh 00! | 
5° amie 
and vi However, in general, S <= Fracture in 6839 Hf. 1/% EI, 39% RA 
bora. aging (at appropriate tem- S aol, 10.956 Hb, 1% £1,268 %RA 
Alle. perature) lowers the duc- B 1% % (7 1QQ00H gn » Precision Cast Bars 
tility and increases the pa dcmaaman| a Sa ee = "700 Hr 
ge fabricating problem, so that lore {00000 He (Extrapobted 4 P+/% In 10000 WF = — | ae 
: in high production none of stress for t Secondary * Wr ieee 
: = these pt have been used ~ Ks hes wool ION ~/000 Hr 
We in the “precipitated” con- O i 1 
that dition —they have been 1200 1300 /400 1500 1600 (700 800 
e used either as-cast or after Testing lemperaturé, F 
sat machining as other opera- Fig. 11 — Stress-Rupture Tests and Secondary Creep Rates for Allegheny 
this lions in which cold work Ludlum Alloy $590, Rolled Bars 0.252 In. Diameter, Quenched From 
lalie was involved after a solu- 2300° F. in Water and Aged at 1400 to 1500° F. for 16 te 50 Hr. 
tion anneal at the lower end 
| no of the annealing range. 
d to It has been known for a long time that the much higher than the short time strength of the 
ee east structure has superior creep strength to the casting, but the stress-rupture life on a log-log plot 
that wrought structure at elevated temperatures. How- of stress versus time to failure showed a_ very 
hese ever, it was not appreciated, I think, that this steep slope on the wrought material, whereas it 
7 information could be used to fine advantage on the was a very nearly horizontal line on the cast 
, turbo supercharger until stress-rupture tests were material. This indicated that the wrought mate- 
= made on Hastelloy alloys A, B and C, with the rial had a much faster loss of life than the casting. 
“ibe same analyses of each grade in cast and in The reason for this has been thought to be 
, wrought form. This test showed that the short that, at the temperature involved — which was 
al lime strength of the wrought material is very 1500° F., the temperature of operation of the 
bucket the grain bound- 
alt. ary material is actually 
hi | ; weaker than the material 
Fracture in 310 Hp, 12% ET, 12% RA S816 within the grain. Conse- 
A t ; ; ; quently, any method by 
oa | | | | which you could reduce the 
‘ch 100 Hr amount of grain boundary 
ik- 000 Ae material would be helpful 
ler e in increasing the strength 
" S at that temperature. (It is 
ss 8 interesting to note that a 
sis » patent has been taken out 
. N on a treatment to improve 
a 2 10.000 Hr. the creep strength of high 
| 400,000 Hr temperature alloys by 
ie T (Cmrepotes! “annealing” near the melt- 
h 0} lo ; a */% in 10.000 Hr — ee ing point which, of 
e i res an Secondary pa */% i O000 Hr | 000 He course, is influential in 
, | | | | | | increasing the grain size 
7 C aa aan a . — can , — a and reducing the amount 
: “ of the grain boundary 
h Testing Temperaturé, °F material. ) 
: Fig. 12 Stress-Rupture Tests (and Secondary Creep Rates at 1500° F.) for However, there has 
: Wrought and Precision Cast Test Pieces of Allegheny Ludlum Alloy tg Solu- been one definite drawback 
tion Treated at 2300° F., Quenched in Water and Aged 16 Hr. at 1400 to 1500° F. of coarse grain size in cast- 
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Table IV — Properties of Chromium-Cobalt Alloys* 





Cast ALLOYS 


Common name: Vitallium 61 
N.D.R.C. reference: NR 10 NR 60 
Haynes Stellite name: HS21 HS 23 
Analysis: Chromium 28 28 
Molybdenum 6 
Tungsten 6 
Nickel 2 2 
Cobalt Balance Balance 
Carbon 0.20 to 0.30 0.40 to 0.50 
Density, g. per cm.* 8.2986 8.5385 
Coefficient of thermal expansion (in. per in, per °F. x 
70 to 600° F. 7.83 7.64 
70 to 1000° F. 8.18 8.18 
70 to 1500° F. 8.68 9.24 


Endurance strength in psi. 





10°°) 


of as-cast specimens at 10° cycles 
except those marked (2.5) 


ForGING ALLoys 
6059 422-19 X-40 Low carbon XN 133 
NR63 NR12 NR66 
HS 27 HS 30 Multimet 
28 28 28 20 fa 
6 6 3 
. 7.5 9 
35 16 12 94) 
Balance Balance Balance 2() 
0.40 to 0.50 0.40 to 0.50 0.40 to 0.50 0.10 to 0.20 7 
8.2077 8.3137 8.6078 8.1985 
7.53 7.70 8.70 
8.04 7.91 9.10 
8.67 8.42 9.77 


meaning at 2.5 x 10° cycles 








At 1200° F. 44,000 44,000 41,000 66,000 ¢¢ 
At 1500° F. 33,000 38,000 (2.5) 30,000 (2.5)| 32,000 (2.5) 
Short-time tensile properties at 1500° F., cast test pieces aged 50 hr. at 1350° F. 
Ultimate strength 59,000 58,500 51,200 64,000 59,600 
Yield (0.2% offset) 49,000 40,600 38,200 47,600 44,500 
Elongation in 2 in. 6.8 7.8 10.1 3.0 10.3 
Reduction of area 12.0 12.7 14.4 3.4 14.1 
Modulus 16.8 x 106 23.5 x 10° 18.7 x 10° 25.6 x 10° | 19.3 x 10 
Short-time tensile properties at 1800° F., tested as-cast 
Ultimate strength 33,300 33,100 33,400 36,300 
Elongation in 2 in. 35.0 32.0 24.0 24.0 
Reduction of area 52.4 40.6 50.3 33.7 
Notes: *Data derived from reports of investigations (a) Plus 1% columbium and 0.14% nitrogen. a 


conducted for the O.S.R.D., as well as from inves- 
tigations of the Haynes Stellite Co., Westinghouse 
Electric Co., and General. Electric Co. 


ings, and that is the matter of low endurance limit 
that has already been mentioned. 
grained castings definitely have a lower high tem- 
perature fatigue; this offsets to a certain extent 
their higher stress-rupture and creep properties. 
Consequently, to design satisfactory structures for 


These coarse- 


operation under stress at these high temperatures 
there has to be some compromise. Where better 
damping characteristics can be built into the 
equipment, these coarse-grained, or relatively 
coarse-grained, castings definitely can be used to 
obtain the fullest benefit of their stress-rupture 
and creep properties. 

.Mr. Cross has mentioned the carbon content 
of N155. All these Cr-Ni-Co-Mo-W-Fe alloys have 
higher stress-rupture properties as the carbon goes 
up. That is as true of Vitallium as it is of N155; 
however, ductility is impaired as carbon increases, 
and we want to avoid anything which makes 
assembly and fabrication of the units more difli- 
cult. This is very important, particularly in high 
production. Consequently, we have tried to main- 


(b) Also a high carbon variety is made (0.25 to 0.35 

(c) Endurance specimens of N155 were given no solu- 
tion treatment but were aged 50 hr. at temperatur 
of test prior to stressing. 


tain a balance of the elements so the elongation 
of these alloys, as-cast, is at a minimum of $1 
10° when tested at 1500° F. 

I would like to give you a short résumé of th 
physical properties and particularly the chemical 
analyses of these cobalt-base alloys. I will use a 
a starting point the chemical analysis of Vitallium 
or Haynes Stellite No. 21 alloy, which I gave befor 
as molybdenum 6%, chromium 28%, carbon ().21 
to 0.380°, nickel 2%, iron, cobalt 
There are two alloys in which tungsten 
employed instead of molybdenum; one is No. ©! 
alloy (or Haynes Stellite No. 23) which is like \o 
21 just quoted except that it carries 6‘. of tune 
sten instead of molybdenum and the carbon Is || 
to 0.40 to 0.50%. Another alloy with tungsten !s 
X40 with 7.5% tungsten (somewhat higher thai 
No. 61); 12% 
and carbon is again 0.40 to 0.50. 

Both these alloys show some tests hich 
are remarkably high 


low balance 


of the cobalt is replaced with nick 


very good properties 
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Table V —Creep Test Data Obtained From O.S.R.D. Investigations on Chromium-Cobalt Alloys 


















































— 
Cast by Haynes Stellite Co. 
- DEFoR- Creep Rate, % PeR HR. at TotaL DEFORMATION, Se AT 
Syagss.| MATION 1... ——"* 
ALLOY Ps. Upon : pe : 
LOADING 500 Hr.| 1000 Hr. | 1500 Hr. 2000 Hr. (500 Hr.) 1000 Hr. | 1500 Hr.) 2000 Hr. 
Tests at 1350° F. (n) 
Vitallium | 15,000 0.068 |0.0003 0.00019 0.00007 0.0001 0.442 0.540 0.596 0.662 
Vitallium | 12,000 0.069 0.00013 | 0.0001 0.00008 0.00008(a) 0.220 0.275 0.318 0.338(a) 
il 20,000 0.068 |0.00036 | 0.00042 0.00063(b) 0.292 | 0.518 | 0.712¢b) 
61 15,000 0.050 0.00025 | 0.00016 0.00014 0.234 0.310 0.379 
6059 | 20,000 0.070 0.00045 | 0.00047 0.00047 0.446 0.690 | 0.950 
(059 | 15,000 0.076 0.00044 | 0.00008 0.00008 0.405 0.479 | 0.519 
(i059 12,000} 0.042 {0.000005 0.000002 | 0.000002 | 0.000002 0.135 | 0.137 | 0.140 0.140 
§22-19 15,000 0.075 {0.00015 | 0.00007 0.00004 0.00003 | 0.262 | 0.320 | 0.342 0.360 
122-19(m)| 15,000 0.062 |0.000184) 0.000119 | 0.000073 | 0.000062 | 0.267 0.363 0.408 0.438 
\155(c) | 20,000 0.113 {0.00031 | 0.000165 | 0.000125 | 0.0001 | 0.396 | 0.510 | 0.583 0.632 
\155/e) «| 15,000 0.094 |0.00032 | 0.000268 | 0.000361 | 0.000612 | 0.366 | 0.563 | 0.651 0.893 
N155/1 20,000 | 0.092 {0.00062 | 0.00062 0.000725 |0.000895 | 0.671 | 0.975 | 1.318 1.724 
3) N155¢0) 15,000 0.073 0.000116) 0.00079 0.000053 | 0.000038 0.254 0.298 0.327 0.351 
N155¢1) 12,000 0.058 0.000042) 0.000025 0.000017 0.000013 0.115 0.130 | 0.141 0.148 
Tests at 1500° F. (m) 
Vitallium | 7,000 0.036 0.0001 0.000205 0.00011 | 0.00009 ) 0.127 0.208 | 0.296 0.344 
Vitallium | 7,000 6.046 0.000224) 0.0001 0.00006 0.000065 0.285 0.354 0.405 0.439 
Vitallium | 7,000 0.039 0.00027 | 0.00014 0.000135 | 0.0001 0.215 0.348 | 0.417 0.500 
61 | 12,000 0.080 0.000285) 0.00011 0.000085 0.0000385(e)| 0.506 0.608 0.657 0.682e) 
61 12,000} 0.035 0.000022) 0.000062 0.000024 | 0.000024 0.176 0.201 0.205 0.222 
H059 | 12,000 0.078 0.00019 | 0.00018 0.000080 | 0.305 0.500 0.575 
6059 12,000 | 0.075 0.00041 0.000198 0.000132 0.00013 0.678 0.815 | 0.894 0.963 
| 422-19 | 12,000} 0.069 0.00021 | 0.000068 0.000035 | 0.000035 0.430 0.487 0.507 0.523 
429-19 12,000; 6.060 0.000191, 0.000079 0.000061 | 0.000046 0.397 0.453 0.489 0.524 
Ni55¢d) | 10,000 0.054 0.0002 | 0.00025 0.00062 0.308 | 0.415 0.607 
* N1535¢d) 8,000 | 0.065 0.000063) 0.000043 | 0.000047 | 0.000048 0.157 | 0.180 0.206 0.230 
: N155(¢d) | 7,000 0.041 0.00005 | 0.000035 0.000025 | 0.00002 0.137 0.154 0.174 0.182 
N155¢1 12,000) 0.061 0.000122) 0.000107 0.000124 |0.000168(f) |) 0.181 0.238 0.292 0.323¢/) 
N150¢0) 9,000} 0.064 0.00020 | 0.00027 0.0003 0.00038 (gq) 0.184 0.310 0.452 0.627(q) 
Tests at 1600° F. (kh) 
n Vitallium | 10,000 0.120 | 0.00033 | 0.00013 0.00013 0.00013 0.790 0.900 | 0.980 1.036 
7 Vitallium 7,000) 0.089 0.000125) 0.000044 0.000044 = 0.006044 0.258 0.308 0.330 0.353 
Vitallium 5,900 | 0.063 0.000036) 0.000031 0.000031 0,122 0.130 0.163 
. 61 9,000) 9.058 | 0.0002 0.0001 (A) 0.300 | 0.332¢h) 
: 61 7,000} 0.024 0.00005 | 0.000036 | 0.000036 0.173 | 0.193 0.207 
“ b1 5,500) 0.035 0.000045] 0.000025 0.000025 |0.000025(7) 0.105 0.127 0.152 0.164¢7) 
* 6059 11,000} 0.060 |0.00036 | 0.00031 | 0.00026 =| 0.00025 0.627 | 0.784 0.922 1.05 
h. 6009 9,000} 0.050 | 0.00002 | 0.000013 | 0.00001 | 0.00001 0.143 | 0.153 0.162 0.165 
c Mod 7,000 0.045 |0.00005 | 0.00003 =| 0.00002 | 0.00001 0.141 0.158 0.169 0.171 
i] 122-19 12,000 | 0.080 | 0.00027 | 0.00023 | 0.00011 | 0.00028 0.700 | 0.815 0.880 0.980 
422-19 11,000 0.051 0.000085) 0.00002 0.00002 0.00002 0.284 | 0.301 0.313 0.325 
" 429-19 9,000) 0.044 | 0.000065 0.000015 0.000015 | 9.00001 () 0.230 0.249 0.256 0.260¢)) 
Notes: (a) Data for 1800 hr. deformation was 1.34°°; rate was increasing. 
(b) Data for 1300 hr. (h) Data for 833 hr. 
(c) Specimens hot worked and aged (carbon (i) When discontinued at 2184 hr. 
0.15%). (j) When discontinued at 2207 hr. the rate 
(d) Specimens water quenched and aged was less than 0.00001°; elongation: 
. (carbon 0.15%). 0.26%. 
(e) When discontinued at 2780 hr., rate: (k) Aged 50 hr. at 1600° F, before testing. 
0.000023% per hr.; total deformation: (1) Specimens water quenched and aged 
0.70%. (carbon 0.34%). 
(f) Data for 1750 hr. (m) Aged 50 hr. at 1500° F. before testing. 
(g) When discontinued at 3400 hr., total (n’) Aged 50 hr. at 1350° F. before testing. 
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Table VI — Stress-to-Rupture in 1000 Hr. 








TYPE 1000° 1100° | 1200° | 1300° | 1400° | 1500° | 1600° | 1700° | 1800 | wae 
Pre-War Alloys (a) | - 
S.A.E. 1015 12,000} 6,500 | 2,700!) 1,500! 900 
502 (5% Cr; Mo) 19,000;11,000) 6,000) 3,250) 2,000 1,500 
446 4,000, 2,800) 1,700) 1,200 800 
304 (18-8) 11,500) 9,250) 6,500 3,500 2,750 
347 27,500 | 20,000 12,500 
316 (18-8; Mo) 25,000 18,000 11,000 7,000 4,000 
310 30,750 | 20,500 | 13,250) 7,750 4,500, 3,000 2,250 
Chromium-Cobalt Alloys (b) 
Vitallium 44,200 | 27,000 | 15,000! 14,200 | 13,200 | 10,000 | 7,000 | 4,200 (10 br. 
61 21,800 | 12,000 | 11,500 | 5,400 
6059 18,400 | 12,000 | 8,600 | 6,800 
422-19 21,700 | 14,800 | 11,500 | 7,100 | 3,000 (100 hr, 
X-40 23,400 | 18,000 | 14,500 | 9,800 | 4,000 (100 br.) 
N155 (c) 16,500 | | 4,800 | 2.800 











(a) Quoted by C. T. Evans, Jr., in Metal Prog- 
ress, November 1945, p. 1091. (b) Data derived 
from reports of investigations conducted for the 


but for some reason these tungsten-bearing alloys 
are rather variable. Other work that has been 
done with tungsten and its alloys shows rather 
wide variation in the properties. It is only fair 
to say that Vitallium, too, has this unwelcome 
characteristic, although the variation in the phys- 
ical properties, test to test, is not as wide as it is 
for No. 61 or X40. 

There are three variations of Vitallium still 
using molybdenum. In one of them, one quarter 
of the cobalt has been replaced with nickel. It is 
called 422-19, or Haynes Stellite No. 30. For a 
cast material it shows surprisingly uniform prop- 
erties under test. In the other (alloy No. 6059 or 
Haynes Stellite No. 27) one-half of the cobalt has 
been replaced with nickel. Both of these have 
from 0.40 to 0.50% carbon. At one time during 
the war, when there was possibility of a cobalt 
shortage, No. 6059 alloy carrying about 32% cobalt 
and 32% nickel looked like a very favorable 
method of stretching our supply of cobalt. How- 
ever, its room temperature properties, as far as 
strength goes, are considerably lower than those 
of Vitallium although its long-time high tempera- 
ture properties are in the same class — perhaps 
slightly higher. 

I would like to emphasize a few of the prop- 
erties that can be expected from these alloys, and 
that are listed in Tables IV, V and VI. These data 
are derived from reports of investigations con- 
ducted for the National Defense Research Com- 
mittee of the Office of Scientific Research and 
Development, and the National Advisory Commit- 
tee for Aeronautics, as well as from investigations 
of the Haynes Stellite Co. 

No. 6059 shows a room temperature strength 


Vetal Progress; Page 6 











O.S.R.D. and N.A.C.A., as well as from investigations 
of the Haynes Stellite Co. (c) Low carbon (0.10 to 
0.20°.), solution heat treated. 


of from 80,000 to 90,000 psi. The other alloys 
in the group that I have break 
at 100,000 to 110,000 psi. Tensile strength of 
these alloys at 1350° F. (short-time tests) runs 
from 66,000 psi. for No. 6059 to 75,000 to 50,000 
psi. for the others in the group. Yield at 02 
offset varies from 50,000 to 60,000 psi. in all these 
alloys when aged 50 hr. at 1350° F. and tested at 
that temperature. At 1500° F. the 
strength of these alloys is in the neighborhood of 
50,000 to 60,000 psi., and the yield strength at 
0.2° offset is 38,000 to 48,000 psi.* 
these instances the lower strength I am quoting 
is for the 6059 alloy with a base of half nickel, 
half cobalt.) 

One of the particularly interesting character- 
istics of these alloys is the drop in modulus of 
elasticity at the higher temperatures. For instance, 
No. 21 alloy (Vitallium) has a modulus of 24.2 * 10! 
at 1350° F.; at 1500° it has dropped off to 16.8 x 10°. 
Haynes Stellite alloy No. 23 (which is the tungsten 
variety of Vitallium, No. 61) has a modulus of 
27 x 10° psi. at 1350° and only 23.5 X 10% at 1500". 
Alloy 422-19, however, has very uaiform modulus 


mentioned 


short-time 


(in most ot 


*Data issued Feb. 25 by Haynes Stellite Co., taken 
from a report to O.S.R.D., indicate that the Cr-Co 
alloys do not change much in hardness after long stays 
at high temperatures. Following are the Rockwell 
hardnesses (A scale) of cast specimens after 1 hr, and 
100 hr. at temperature noted. 


ALLOY TEMPERATURE 1 Hr. 100 Hr 
Vitallium 1350° F. A-65 \-71.5 

61 1350 A-66 4-71.5 
6059 1350 A-62 A-6.5 
422-19 1700 A-67.5 A-72 
X-40 1700 A-67 \-71 
N155 (as forged) 1500 A-56 \-09 
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‘ght up lo 1500°: test results show 24.8 10° at 
30° and 25.6 10° at 1500°— which is as close 
‘ vou can expect to check modulus figures at 
those temperatures, However, at 1600° F. the 
ggure starts to drop off, and it is 17.3 x 10° psi., 
about in line with the other alloys in this family. 

The stress-rupture figures on Vitallium for 
1000 hr. run 14,200 psi. at 1500°. The other alloys 
Vp. 61, 422-19 and X40 run somewhat higher than 
that. varying from 21,800 to 23,400 psi. 

Evans -- At how many hours? 

Bapcer —- One thousand hours, 1500° F. Creep 
rate at 2000 hr. is of interest to design engineers. 
in most of these alloys at 1350° F. and 15,000 psi. 
the creep rate is in the neighborhood of 0.0001 
per hr. However, we have an interesting figure on 
Havnes Stellite No. 21 (Vitallium) in which mate- 
rial aged at 1350° before test showed 0.0001% per 
br. while material aged at 1500° had a creep rate 
of 0.0003 per hr. That is an indication that the 
material has aged sufficiently at this temperature 
of 1500° so that it over-ages during the creep test, 
whereas it is brought up to its maximum hardness 
by aging at 1350° and does not over-age on further 
stay at 13850". 

It might be well to say before closing that 
most of the I-40 buckets were produced of Vital- 
lium (or Haynes Stellite No. 21 alloy) by precision 
casting because of the speed with which that pro- 
gam had to be built up. Precision castings are 
particularly adaptable to new alloys (of which 
important’ properties are not 
known) for new designs, for 
prompt changes, and for high pro- 
duction. Much work on very intri- 


Vitallium. Some work on Hastelloy B is being 
done on this part. For liner material we use 
Inconel; for the high temperature sheet material 
we are using 18-8 columbium (Type 347). 


Evans — Mr. Mochel, how about the Westing- 
house units. 
Mocuet — So far as the disks are concerned 


we have used the forged 19-9DL alloy almost 
entirely. We had some experience with Cyclops 
17W and Gamma Columbium at the start, but 
more recently our work has been almost entirely 
with 19-9DL. We have done a considerable 
amount of experimentation in trying out various 
amounts of cold work and determining the useful 
properties of these modifications. Today, we are 
still satisfied with 19-9DL as it is performing in 
our present designs. 

| have already intimated that we have used 
cast blades entirely for the stationary vanes or 
nozzle diaphragm blades — first of Vitallium and 
more lately we have had some experience with 
25-20 Cr-Ni. 

In the moving blades, our work has been 
divided largely between two materials, or rather 
two types of materials. We have used a good many 
forged blades and machined blades of an alloy of 
our own manufacture which many of you will 
recognize when I use the term K-42-B (roughly 
speaking, 42° is the minimum of nickel, 20 to 
22% cobalt, 18 to 20° chromium, 14% iron, 
hardened with 24° titanium and some alumi- 


Table VII — Properties of Westinghouse Alloy K-42-B 
(From “Westinghouse Metals and Alloys for Communications and 


Electronic Equipment”) 





cale types of blading and sections, 
including hollow designs, would be 
impossible without the precision 
casting method. 

Evans — Thank you. We have 
lried to give the audience a general 
picture of the alloys we now have 
wWailable. Before we close the gen- 
eral discussion those of us that are Gein to 
actually building gas turbines will Gain in 
tell you what we are using in our Gain in 
sas turbines —- that is, jet engines, 
sas turbines and the like. I won- 
der if Mr. Johnson would start. 

Jounson-——I believe that I 
did mention before that we are 


Density 


Oxidation 


Thermal conductivity 


Coefficient of expansion 


Solution treatment 
Hardness 
Aging treatment 


Typical composition 42% Ni, 22% Co, 18% Cr, 14% Fe, 2.2% Ti 
Melting point 


2530° F. (1390° C.) 
0.296 lb. per cu.in. (8.2 g. per ce.) 
0.027 cal./em.*/cm./°C./sec. at 20° C. 
0.047 at 500° C. 

12.5 x 10° from 20 to 100° C, 

14.5 « 10° from 20 to 400° C. 

15.3 x 10° from 20 to 600° C. 


in air at 1500° F. (800° C.) 
100 hr. 


0.016% 
200 hr. 0.021 
400 hr. 0.025 


1 hr. at 1750° F., water quench 
150 to 200 Brinell 
24 hr. at 1300° F., air cool 


MECHANICAL Properties at 70° F., Acep Test Bans 
0.01% yield 


84,500 psi. 


a eee Fa 0.02% yield 88,500 
“tp rimken alley 16-25-6 0.2% yield 105,500 
rae, OR the wheel. Ultimate strength 158,000 
Evins—That is for a jet Elongation in 2 in. 29% 
engine, | suppose. Reduction of area 37% 


JouNson — That is right. On 
the bucket, we are using cast 





Elastic modulus 
Brinell hardness 


30,000,000 psi. 
260 to 330 





July, 1946; Page 117 




















num). Modifications of this basic alloy and 
attention to grain size have given us recently the 
highest fatigue life of any materials we know of 

-fatigue limits as high as 83,000 psi. at 1200°. 
This alloy will probably serve us up into the range 
of 1350 to 1400° F. Other properties are shown 
in Tables VII and VIII.* 


Table VIII — 
Short-Time High Temperature Tests on K-42-B 


(Quenched from 1750° F. and aged 24 hr. at 1300° F.) 








TEMPERATURE | YIELD ULTIMATE | ELONG. R.A. 
70° F. 90,500 157,000 29% 49% 
1000 88,800 134,700 26 49 
1200 84,400 117,200 9 13 
1350 82,000 97,000 4 7 
1500 52,000 54,000 10 13 
1600 29,000 29,000 45 56 























We have used a good many cast blades, both 
the cast Vitallium and also the Stellite alloy No. 
23 composition described by Mr. Badger in which 
the molybdenum is replaced by tungsten. Our 
experience with cast blades is excellent. We 
started out with drop forged blades in one design, 
an earlier model; we changed to blaces machined 
from rectangular bar stock in a later one; our 
more recent models are using cast blades entirely. 
We believe that there is much to recommend the 
‘ast blade for the moving element, especially when 
one considers the higher temperature ranges. 

Evans—- Thank you. For the Elliott Co.’s 
diesel engine turbo supercharger that I mentioned, 
the top conditions of 1020° F. with 28,000 psi. 
maximum stress were met by the alloy known as 
19-9 W-Mo, developed by Universal Cyclops Steel 
Corp. It contained approximately 0.10% carbon, 
199% chromium, 9% nickel, 1.25% tungsten, 
around 0.40% molybdenum, columbium, and 
titanium. It is quite a complex composition and 
the microstructure is partly ferritic. This alloy 
gave us such good service in that turbocharger 
that when we found it had adequate creep quali- 
ties at 1200° F. we used it in the first power gas 
turbine that was shown in Fig. 5 (see page 102). 
That turbine, as I believe I mentioned, operates at 
1200° F. and 8000 psi. maximum stress and we 
hope that it will last for a long time — 10 years 
or thereabout. 

The new turbines which we are building - 
three 3000-hp. stationary gas _ turbines — are 
designed to operate at 1400° F. and 8000 psi. 
*Epiror’s Note-— A full account of this interest- 
ing alloy was printed in Metal Progress in March 1942 
(“A New Alloy for Working at High Temperature”, 
by P. H. Brace). 


maximum stress. We will use S-590-~ that js. 
the alloy with 20% chromium, 20% nickel, 29: 
cobalt, 4% molybdenum, 4% tungsten, 4° colym. 
bium that Dr. Mohling described. We will] yse 
that in the rotor wheels and blades. We sare using 
some lower compositions including N155 in the 
diaphragm and the blades, as well as 25° chro. 
mium, 12% nickel, slightly modified, in the cas. 
ings which are not particularly under stress. 

/ That is a brief picture, I think, of the alloys 
that are used and where they are used. You on 
see that our respective firms do not always agree 
about what is proper to use. 
American metallurgical picture; we progress in 
different directions at once, and we all stick 
together in some other lines. I think, however. 
that we should definitely leave you with the 
impression that we are not at all satisfied with 
the present alloy situation. The research during 
the war, although it was very comprehensive, was 
quite largely negative in that — perforce, due to 
the urgency -— we had to grab some alloy compo- 
sitions out of the air, or go under the rug for them, 
or just try anything! 

I think that it would now be interesting, at 
the close of this formal meeting, to have Mr. Cross 
tell us briefly what is planned in the line of future 
research. 

Cross —- All during the war, under a N.D.R. 
project, Climax Molybdenum Co. and Vanadium 
Corp. of America have been working on new types 
of alloys. It seems logical that the alloys of the 
future must necessarily be those with higher melt- 
ing points than the matrix alloys which we are 
now using. Those alloys will lean heavily upon 
the group chromium, columbium, tungsten. 
molybdenum, tantalum, thorium, titanium and 
platinum. Considering the general properties o! 
these alloys and their availability, chromium 
seems the one most likely to be used. 

Following this assumption Climax Molybde- 
num Co. worked on and tested all the logical 
binary and ternary chromium-rich alloys. From 
their work on chromium-iron-molybdenum alloys 
they find that the most usable range contains 
about 60% chromium with a range of 15 to 2 
iron and 25 to 15% molybdenum. Only a limited 
amount of work has been done on these alloys 8° 
far, and the work is continuing. The preliminary 
stress-rupture data up to 1600° F. definitely show 
that the chromium-base alloys are considerab) 
higher in stress-rupture properties than the cobalt: 
base alloys now known. 

The Vanadium Corp.'s staff have been working 
on chromium-nickel-cobalt alloys containing ¢o” 
siderable amounts of tungsten as much as |S 
to 20% with additions of boron, beryllium and 


It is a typical 
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vanadium. These alloys also show promise at 
00? F. As Mr. Evans said, the approach has 
been largely empirical, except for the work just 
described, but work is now under way at the Naval 
Research Laboratory, at the N.A.C.A, Engine Lab- 
oratory here in Cleveland, and at Battelle Memo- 
rial Institute in an effort to find out why these 
allovs are as good as they are. We know how 
good they are; we have been measuring their 
properties for four years. Now we are going to 
try to find out what makes them tick. If we can, 
we will then design better ones. 

Evans —I ean see some in the audience that 
know as much or more about this subject than 
we do, and we would now like to have an open 
discussion and have them participate in it. If 
vu have anything that you want to say at all, 
come to the microphone that Mr. Mochel has on 
the right. If you just have a question, I will try 
to hear it and repeat it into the microphone so 
that everybody else can hear it. Do I have any 
questions from the floor? 

Question —- What was the duration of the 
fatigue test on K-42-B? 

MocHEL I made the statement that at 
}200° F. we had determined fatigue limits as high 
as 83,000 psi. Duration of test was 100,000,000 
eveles. 

QUESTION Is 100,000,000 enough? 

Evans —I think that I might mention on that 
point that these alloys’ high temperature fatigue 
curves do not flatten out very fast. As a matter 
of fact, 1 am not sure that work has progressed 
lar enough to say there is a true endurance limit 

that the S-N curves do flatten out. 

Cross —- Some of them do, some of them don’t. 

Evans ——- But mostly don’t! Is that right? 

Cross — Many do not. 

Question —Is it practicable to control grain 
size for high strength properties — reliably? 

Evans — Dr. Mohling, would you care to com- 
ihent on grain size control? 

MouLinG -—It is very difficult, for one thing. 
In wrought alloys it can be prevented by stress 
relief before heat treatment. I am unable to com- 
ment on cast alloys. 

Evans — You say that you control grain size 
by stress relief before heat treatment. That is 
hew to me, 

Franks — Well, I think one answer to that 
question is that we cannot control grain size at 
high temperatures. We increase grain size very 
materially by heat treating at very high tempera- 
lures to get the effect of a solution heat treatment. 

Evans —I would take a different line, for we 
have to control grain size in these alloys. Other- 
Wise how will you know that you can get con- 


sistent properties? i don’t think you meant it 
just that way. 

FRANKS — My point is that you can’t use a 
solution heat treatment on these alloys without 
increasing grain size considerably. 

Evans —Isn’t that in itself a control? You 
know if you go to a certain temperature you get a 
certain range of properties which are undoubtedly 
influenced by the grain size produced at that tem- 
perature. 

Jounson — Can't the grain size be controlled, 
Mr. Evans, by solution treatment just as is done 
with any austenitic material? For instance if you 
cold work 18-8 a definite amount and then heat it 
to a definite temperature for a definite time, you 
get a definite average grain size. If you want a 
certain set of creep properties or stress-rupture 
properties in one of the superalloys, you might 
heat it to, say, 2100 or 2200° F., quench it from 
there, and follow it with some definite annealing 
or aging treatment. 

Evans — That is true. However, it is my 
experience that the control of grain size in this 
class of materials is just as difficult as in other 
commercial alloys, if not more so, and it follows 
the same general rules -— the higher the solution 
heat treatment the larger the grain; the more you 
forge it the more chance you have for a fine grain, 
and so on. This is a very critical part of the whole 
picture. Undoubtedly, as the fundamental research 
described by Mr. Cross progresses we will get 
more and more information about grain size con- 
trol in both the cast and the forged alloys. Now, 
in the forging alloys it seems that we have some 
chance. I would like to ask Mr. Badger what he 
thinks about controlling grain size in cast mate- 
rials, 

BapGer-— The difficulty in controlling the 
grain size in cast materials is that these castings 
generally have very thin edge sections, down to as 
low as 0.020 in. Generally, those thin sections are 
going to have a relatively fine grain size anyway 
for they solidify rapidly. Naturally, the control 
of grain size in castings is a matter of metal tem- 
perature when pouring. But we are confined to 
some extent to the proper technique to fill those 
thin edges. Of course, it is possible to produce 
very fine grain size by centrifugal casting, but 
for a variety of reasons, that I can’t elaborate 
right now —-that scheme has not worked out too 
satisfactorily. 

Evans — There are several important people 
who have questioned whether it is easier to control 
grain size in forgings than in castings. Your 
remark about centrifugal casting, therefore, is 
worthy of a little elaboration. 

BapGer — Well, we have done quite a lot of 
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work at Kokomo on the centrifugal casting of 
these small parts, but the majority of it was con- 
fined to test bars. Generally speaking, the grain 
size in the centrifugally cast bars that we have 
made was definitely finer than that in the gravity 
cast bars or pressure cast bars. It is true that on 
‘ast turbine blades that have very wide differences 
in section thickness there is also a wide variation 
in grain size. We cannot get away from that 
except in parts that are reasonably constant in 
section thickness. For instance, the I-40 blade 
at one point is *4 in. thick and at another point is 
only 0.030 in. thick. It is inevitable that there 
will be coarse and fine grain in that blade, espe- 
cially when gravily cast. 

Evans-— Would you summarize the situation 
by saying that the cooling rate is a very important 
factor in controlling grain size? There are cer- 
tainly other factors such as alloy composition, 
presence of inoculators and gas content - - partic- 
ularly the latter, for you will get a different grain 
size after vacuum melting than you will after ordi- 
nary melting. 

Mr. Mochel, as a consumer have you found 
wide variation in the grain size of castings that 
you have purchased? 

Mocuet- -I think every consumer will admit 
that he has found that. Personaliy, I think that 
the rate of cooling is probably the matter of first 
importance. In centrifugal casting a lower mold 
temperature has often been used, and maybe credit 
has been given to the method when it may have 
belonged to the temperature of the mold and the 
rate of cooling. 

H. H. Harris, president, General Alloys Co. 

I wish to emphasize that it is one thing to cast 
small supercharger parts, individually, by the lost- 
wax process, and quite another thing to make 
parts for a jet engine operating at 1500° F., plus, 
which must deliver 1000 hp. to the rotor, for the 
supercharger delivers only 100 or 200 hp., and 
operates at the moderately low temperatures of an 
engine exhaust. 

Consider first the foundry problems: It is 
well known that in the lost-wax process the small 
electric furnace melts only enough alloy to fill an 
individual mold containing a few blades; at best 
the entire melt will weigh only a few pounds. It 
is inherent that procedures that may be accurately 
controlled in a large furnace, melting a ton of 
material, are difficult or impossible to control in a 
tiny furnace melting | to 10 Ib. The result is a 
tremendous variation in grain size in the castings 
which in turn results in highly irregular ductility 
and ability to withstand fatigue failure, and this 
is accentuated by variations in surface-lo-mass 
ratios inherent in the diverse forms being cast. 





Entirely apart from this is the wide range in pour. 
ing temperatures; optical pyrometer readings op 
molten metal cannot control grain size withjp 
desired limits. Unfortunately, no X-ray or tes 
other than a destructive test reveals grain size. 

Considering the great lack of experience with 
high temperature mechanisms in the jewelry, den. 
tal and bone-screw trades, many of the results 
expected from the lost-wax process were beyond 
reasonable expectations. They do, I believe, fall far 
short of what could have been done had seasoned 
experience with use and failures of high tempera- 
ture alloys been brought to bear. It is inevitab) 
therefore, that in this drive for accurate dimen- 
sions in the castings-— which is a fine talking 
point for the lost-wax type of process —— reliability 
and uniformity of the metallurgical part hav, 
taken second place. 

No thought is required to come to the conclu- 
sion that a metal which must be stiff and strong al 
very high operating temperatures must also be 
very hard and strong at forging temperatures, and 
be consequently relatively difficult to roll or forg 
accurately. Few mills are equipped to handle the 
stronger heat resisting alloys at the speeds, pres- 
sures and temperatures necessary. Desiring pro- 
duction, mills naturally prefer to compromise with 
alloys that roll easier. Such alloys then become 
“standards” to the salesman. 

It is logical that new alloys can best be tested 
in cast form. Cast parts, besides being quite eas) 
to make to accurate shape, are also quile easy | 
handle when experimental analyses are unde! 
study. Finally, accurate castings have greal 
advantage in that they largely eliminate machining 
Machining which removes the fine outer surface 
is undesirable, for this outer surface is exceed: 
ingly important when the proper casting technique 
is employed. It can, design permitting, be pre 
stressed either in tension or compression, as th 
designer wishes. Lastly a casting can be more Ire: 
from warpage in use than a forging. 

On the other hand, mill melting practice ' 
generally superior to the foundry’s. Commerc! 
sand castings almost invariably contain sand — 0! 
minor porosities resulting from combustion 0! 
bonding materials. 

Worth the most vigorous emphasis is th 
importance of controlling grain size by prope! 
inoculation and advanced casting practice. I 
there is anything which is certain about the rea 
tion of metal at high temperatures under stress, | 
is that grain size is one of the principal factors 
Many silly statements are going the rounds abou! 
proper methods of controlling grain size, such * 
“centrifugal casting produces smaller grain size’ 
Any elementary student should know thal gr! 
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‘i, a function of the rate at which the metal 
is through its solidification range, and it doesn’t 
make any difference to the casting whether the 
jiquid metal is squirted into a mold centrifugally, 
yith air pressure behind it, dropped off a balcony, 
or poured into a dry-iced sand mold — as long as 
that cooling rate is the same, the resulting grain 
size Will be the same. 

What this all boils down to is that it may be 
possible to “design” an alloy composition which 
should perform in a superior manner at high tem- 
peratures, but it is entirely another problem to 
manufacture these parts with a high degree of pre- 
cision and uniformity of metallurgical and 
mechanical properties. So far the “experts” 
appear to have been paying most attention to pre- 
cision of dimension, but the requirements also 
involve the highest degree of manufacturing uni- 
formity. Here is where those who have spent a 
lifetime in developing high temperature alloys 
might help. Design based upon a knowledge of 
what happens to castings in the mold, and what 
stresses, restraints and thermal factors will influ- 
ence them in service, is more important than much 
controversial metallurgy. More than a quarter- 
century experience in high temperature alloy 
mechanism has largely escaped jet and turbine air 
The scrap pile gives eloquent 
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engine designers. 
testimony. 
Evans — We certainly appreciate your com- 
ments, Mr. Harris, and we hope that you and your 
organization will continue the work that has 
started out so favorably. We will all get a lot of 
help from it. Thank you very much. Is there 
any other question from the floor, along this line 
or along a different one? 
Question — What is the influence of dendritic 
structure on the grain size pattern and the result- 
ing properties? 
FRANKS — As a matter of fact, there is not 
ret too much known about the effect of dendritic 
structure, which almost invariably occurs in most 
of these alloys, but it is generally believed that 
the dendritic structure has a weakening effect. 
Question — Is the precipitation reaction simi- 
lar to what takes place in the age hardenable alloy 
duralumin? 
Franks — The precipitation hardening which 
Mr. Badger referred to is definitely unlike that 
which takes place in the aluminum alloys. The 
aluminum alloys are very soft after the solution 
heat treatment; then by mere aging at room tem- 
perature or by heating a short time at a moderate 
lemperature a new constituent precipitates from 
the solid solution and the metal becomes much 
harder and stronger. These high temperature 
n alloys contain a precipitate after they are held at 


eal 





the elevated temperatures. They may or may not 
increase in hardness. Usually the precipitation 
effect does bring about some increase in strength. 
However, these high temperature alloys cannot be 
made soft, and then later treated to become very 
hard. This precipitation effect is noticeable after 
extended periods at high temperatures. 

Evans — Mr. Franks, you said that the pre- 
cipitate does not form in these alloys very rapidly. 
I would qualify this in the case of the “S” group of 
compositions that Dr. Mohling developed. They 
harden in a matter of a few hours. Your statement 
is true of the N155 and allied alloys. 

Mocuet ~~ Mr. Chairman, | do not think we 
should let this impression about the rate of pour- 
ing, mold temperatures and the matter of grain 
structure pass without making reference to the 
very excellent work that Dr. Nicholas J. Grant 
has done at Massachusetts Institute of Technology. 
This audience should not be allowed to go with the 
feeling that no thought and study have been given 
to this problem, because Dr. Grant did an excellent 
piece of work along that line, although many are 
not yet acquainted with it. 

Evans —-Dr. Grant, would you please come 
forward and give us a résumé of this work you 
have been doing at M.L.T.? 

GRANT In the course of a great deal of work 
we were doing with high carbon alloys, we inves- 
tigated the effects of carbon content on rupture 
properties and ductility. To study the experi- 
mental results we plotted the rupture life on a 
logarithmic seale against carbon on a linear scale, 
and got what was essentially a straight-line plot 
whereby a maximum strength is reached at some 
particular carbon content. In the N155 type of 
composition that has been mentioned here, it falls 
at about 1.0 to 1.1° carbon. In the Vitallium type, 
it is a little higher, about 1.1 to 1.2% carbon. 

While we were investigating this effect, we 
noticed that some of the plotted points in certain 
alloys failed to fall anywhere near this average 
line, and we naturally wondered why some of 
these cast alloys showed such extremely erratic 
properties. We therefore began to control casting 
conditions very, very closely that is, the tem- 
perature of the mold, the temperature of the 
metal, and soon. We found that we could explain 
the discrepancies shown by certain alloys by vari- 
ations in the metal and in the temperature of the 
mold. This seemed so interesting that we con- 
tinued this work: we investigated four different 
alloys the Vitallium alloy with low carbon, the 
No. 6059 alloy which is essentially medium car- 
bon, and two higher carbon alloys one in the 
N15 system at about 1° 
modified Vitallium at about 1 


carbon and the other a 


carbon. 
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From this work, we are convinced that as the 
mold temperature or the pouring temperature 
increases, the grain size of the resulting casting 
increases very rapidly. We also checked the effect 
of pouring temperatures on the spacings between 
the adjacent carbide particles in the cast dendritic 
structure. Summarizing these results briefly, we 
were able to draw the relationship that as the 
grain size becomes progressively larger and larger, 
the rupture life increased very much. For exam- 
ple, if a certain stress-rupture test on a bar cast 
at 2650° F. (east by the precision investment proc- 
ess under what we might consider ordinary cast- 
ing conditions) gave a rupture life of 50 hr., we 
were able to get as much as 500-hr. performance 
from the same alloy-under the same test condi- 
tions merely by raising the casting temperature up 
to 2825° F.! Furthermore, when we plotted mold 
preheat temperature against rupture life, or if we 
plotted grain size against rupture life, we found 
the same distinct relationship. 

All of these things are interconnected very 
closely. When making precision castings it is 
extremely important to control metal pouring tem- 
perature and mold temperature. If you wish to 
change the investment material, you will probably 
have to change other casting conditions. If you 
change the size or shape of the particular parts, 
the grain size is affected-— that is, if you cast a 
round bar section, you get one set of microstruc- 
tural conditions; if you cast blades, where there is 
a high ratio of surface to mass and _ therefore 
greater area for nucleation, you will find for the 
same casting conditions a vastly different grain 
structure. Conditions which will give a coarse- 
grained material in a '-in. round cross section 
will give a much finer grain in a thin turbine blade. 
Grain studies on round tensile specimens do not 
carry over to turbine blades. When we realized 
that several casting variables are interconnected in 
an important way with grain size, we were capa- 
ble of checking back to old castings of poor 
performance and related the structures to  per- 
formance. When we did this, we were able to go 
back to the original curve of plotted data and 
made alloys that were reproducible. 

I would like to bring up one other point that 
I thought of as I listened this evening and that 
is in connection with the aging of these particular 
alloys. We have recently been running extensive 
tests concerning this. I would like to suggest that 
we avoid generalizing on many of these alloys 
because it only leads to false impressions of what 
is actually going on. Vitallium, for instance, is a 
vastly different type of alloy from N155, and as 
much can be said for other interesting composi- 
tions. Some one or two of these families of alloys 


may show essentially no aging in an ordinary heat. 
ing cycle up to 1500° F. aging, that 5, in the 
sense of change in strength, ductility or hardness 
of the alloy. 

On the other hand, we have found fairly large 
volume changes in other alloys on ordinary heat- 
ing at the rate of 4° per min. up to 1500° F, 
volume changes which certainly indicate that there 
is some sort of internal reaction taking place, such 
as the precipitation of some phase. While you may 
not be able to measure the difference by ordinary 
hardness measurements, that isn’t a true measure 
of aging unless you are using some test method 
which eliminates the effect of large carbides or 
other precipitated particles. For example, if you 
are covering fairly large areas in your hardness 
readings-—as in a Brinell test—— you may be 
measuring the effect of the carbide particles rather 
than the effect of aging in the austenitic matrix, 
for carbide particles are not affected by aging 
whereas austenite is. Depending on the carbon 
content, you may get highly erratic results, 
affected by the quantity of carbide that is under 
the indenter when the reading is made. 

That, in general, is the gist of it. Again] 
would like to say that it does not pay to generalize. 
I think it is better if we speak specifically of indi- 
vidual alloys and definite test conditions. In some 
alloys aging does show up readily and in others it 
doesn’t. In some alloys aging shows up in rupture 
life properties and in some it doesn’t. We just 
can’t generalize on that and make sense. 

FraNKS — Dr. Grant, I think you have put 
this matter of aging very rightly. I think that the 
term “aging” is better than “precipitation harden- 
ing”. As I understand precipitation hardening, il 
means a process that results in an actual increase 
in the over-all strength of the material by sub- 
These superalloys do 


microscopic precipitates. 
not undergo that sort of change, as far as We 
know now. 

Evans--—I think that Dr. Grant’s remarks 
emphasized one point that all of us who have been 
working in this field want to impress very strongly. 
We are very humble regarding our present know! 
edge and its inadequacy. In respect to develop- 
ments for gas turbines to run at really high 
temperatures we are aware that we have a kind 0! 
wild bull by the tail and we don’t know quite how 
to let go. The fact remains, however, that some 
of these alloys that we have described are being 
used now and are being used quite sucessfull) 
We certainly hope to go on to bigger and better 
things. It should be an interesting field for 4 
number of years to come. 

Time has expired and that is all that we have 
time for this evening. Thank you very much. 6 
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BRICKS WITHOUT STRAW 


long, long ago a penny-conscious Pharaoh tried to 
wt his cost corners by decreeing that bricks would 
be made without straw. He found out—the hard 
way—that scrimping on materials throws product 


performance and customer good will into full 


reverse. 
Hardenability in steel is analogous to straw in 
bricks. Leave it out and you invite trouble in. 


Molybdenum steels combine good hardenability 
with economy, thus insuring good performance on 
a practical cost basis. 

The Pharaoh may possibly have lacked data 
on the importance of straw in bricks—but there is 
readily available to all steel users a wealth of 
practical facts on the advantage of molybdenum- 
containing steels. Investigate now! 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED © FERROMOLYBDENUM © “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


vO LL. 
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Personal 


Ricuarp J. WooLtey @ has been 
promoted to district manager for 
United Chromium, Ine., and has 
just opened a new district office 
in Los Angeles from which he will 
cover the Pacific Coast states. 


Rosert J. Braptey @ has been 
appointed vice-president and gen- 
eral manager of the Bridgeport 
Safety Emery Wheel Co., Stratford, 
Conn. 


Mention 


H. Horrocks @ has resigned his 
position as chemist and metallurgist 
with American Type _ Founders, 
Elizabeth, N. J., to enter the con- 
sulting field on lead, tin, and anti- 
mony alloys. 


The W. S. BRockwell Co., Fair- 
field, Conn., announces that Don A. 
GILBERT @ will be their representa- 
tive in the Ohio district. He will 
have his office in Cleveland. 





WO or more fast modern 
Sentry Electric High 
Speed Steel Hardening Fur- 
naces give greater flexibil- 
ity at lower cost than old 
type larger furnaces run at 
less than full capacity. One 
or more units can be oper- 
ated as required. Two Sentry 
units easily handled by one 
operator. Model “Y” Furnaces 
are quick to heat: no fumes or 
wasted fuel. Sizes and models 
to meet your requirements. 
Replace your old inefficient 
equipment with Sentry. 


With Sentry Diamond Block 
scientifically controlled atmos- 
phere they assure scale-free 
true-to-size work with no 
decarburization. 


Send for 
Bulletin 
1020-7A8 


Size No. 5 
MODEL “Y” 
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\. ALLAN Bates @ i: 
from the staff of West 
Electric Corp., where hy 
manager of the chemica! 
allurgical department, t become 
vice-president of the Portland 
Cement Association in ¢} irge of 
research and development. His 


esigning 
Shouse 
as been 
ind met. 


headquarters will be in Chicago. 


R. M. Garrison ©&, recently 
released by the Navy, has joined 
the Gardner-Denver (Co. 
engineer at the 
Quincey, Il. 


as tool 
main plant. in 


CuarLes S. HauGuey §&, for 
merly metallurgical engineer at the 
Dodge Chicago Plant, Chrysler 
Corp., is now assistant metallur- 
gist, Surface Combustion Corp., 
Toledo, Ohio, in the research and 
development department. 


A recent Carnegie Institute of 
Technology graduate, Ratpn A, 
HapepE @, has secured a_ position 
with the American Brass Co. 
Waterbury, Conn., in the research 
department. 


HapLey F,. FREEMAN @ has 
accepted the position of director 
of research for the Edwin L. Wie- 
gand Co., Pittsburgh. 


DoNALD Woop @ announces that 
he has formed the Hill Cross Co. 
in Brooklyn, N. Y. His company 
will specialize in electroplating 
with precious metals, but will also 
offer a service in reclaiming pre- 
cious metals. Mr. Wood was for- 
merly research engineer with 
National Silver Co. 


Ciype R. St. Joun @, formerly 
with the Aluminum Co. of Amer- 
ica, has joined the Permanent 
Metals Corp., Trentwood Works 
Spokane, Wash., as_ metallurgical 
engineer. 


W. V. Hewirr @ has accepted 
the position of metallurgist at Walk- 
ers Ltd., Maryborough, Queensland 
Australia. 


Jacques J. Scurinner ©, fo 
merly metallurgist in the materials 
laboratory of Wright Aeronautica 
Corp., is now metallurgist in th 
works laboratory of the Genera 
Electric Co., Erie, Pa. 


H. E. Nortru, Jr., @ has organ- 
ized his own company, Burnet 
Devices, for the manufacture of 0! 
burners and accessories for house 
hold heating and cooking. was 
previously supervisor of the mate- 


ft 


rials laboratory at Douglas Aireral’ 
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REVERE PHOSPHOR BRONZES 
OFFER MANY ADVANTAGES 


Strength — Resilience — Fatigue Resistance — Corrosion Re- 
sistance — Low Coefficient of Friction — Easy Workability — 
are outstanding advantages of Revere Phosphor Bronzes, now 
available in several different alloys. 

In many cases it is the ability of Phosphor Bronze to resist 
repeated reversal of stress that is its most valuable property. 
Hence its wide employment for springs, diaphragms, bellows 
and similar parts. In addition its corrosion resistance in com- 
bination with high tensile properties render it invaluable in 
chemical, sewage disposal, refrigeration, mining and similar 
applications. In the form of welding rod, Phosphor Bronze has 
many advantages in the welding of copper, brass, steel, iron and 
the repair of worn or broken machine parts. Revere suggests 
you investigate the advantages of Revere Phosphor Bronzes 
in your plant or product. 
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1. Flashlight clip 
2. Refrigerator door catch 
3. Fuse clip 

4. Switch contact 

5. Condenser member 
6. Tension spring 

7. Contact blade 

8. Sliding contact 

9. Guide fork spring 

10. Switch tension spring 
11. Spring pressure plate 
12. 3-way plug contact 
13. Tin-coated bellows 
14. Flexible hose 











REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, N. Y. 
Mills: Baltimore, Md.; Chicago, ll; Detroit, 
Mich.; New Bedford, Mass.; Rome, N.Y.— 
Sales Offices in principal cities, distributors 
everyu Pere. 

Listen to Exploring the Unknown on the Mutual 
Network every Sunday evening, 9 to 9:30 
p.m., EDST 















AUTOMATIC SCREW MACHINES 


forpoms Ge 


SuPERKOOL Bose 


99 spEEDKUT 
7). Ee 


SO uaat engineers have seen 
it many times—the almost startling ee 
improvement in performance when 
one of those four Stuart products is sub- 
stituted for an ordinary “getting-by” 
oil on a screw machine operation. Eg? 
The reasons for the difference are wm 
nothing mysterious. Stuart’s ThredKut 99, ThredKut, 
SuperKool Base Blends and SpeedKut are heavy 
duty, high anti-weld, high lubricity oils which make 
improved finish and longer tool life possible—their 
high quality insures protection for precision 
machinery. Their use insures optimum 
production results by increasing 
the efficiency of automatic pre- 


oF atten machines. That is why 
We ‘so many of the largest, oldest, screw 


machine products plants use Stuart Oils. 


Improve the performance of your screw 


machines with Stuart Oils—start by 


a» 
N 


talking it over with a Stuart sales engineer. 


“Cutting Fluids for Better Machining” is a 
Stuart Oil handbook containing information 
and data on machining as well as cutting 
fluids. ... Available to you upon writing— 


D.A. Stuart (Jil co. 


2743 SOUTH TROY STREET, CHICAGO 23, ILL. 


F4EFABADSA 


Stuart Oil Engineering Goes With Every Barrel 
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Personals 


After leaving the Nay tesearch 
Laboratory, RALPH L., Fox @ is now 
assistant metallurgist in the metals 
division of Armour 
Foundation, Chicago, II]. 


| esearch 


Vanadium-Alloys Stee] Co., 
Latrobe, Pa., announces the 
appointment of JAMEs A, CLARK @ 
to its operations staff. He has beep 
a captain in the U. S. Army for the 
past four years, serving in th 
Watervliet and Watertown Arsenals 
as assistant production 
tendent and production 
gist, respectively. 


superin- 


metallur 


GEORGE PEARLMAN @ and Lioy 
KRAMER @ have joined the staff of 
the Biad Powder Metallurgy (o. 
Pittsburgh. Pearlman is producti 
manager, and 


Kramer metallurgist 


Pan-American Engineering 


Corp., Newark, N. J., has announced 


the appointment of Henry E. Moon 
® as a division manager. Mr. Moor 
was previously associated with the 
Remington Rand Propeller Divisi 
Announcement has been 

of the appointment of JouNn Atic 
@ as director of 
development at the National Mag 
nesium Corp. in New York City 
He will have charge of an expans 

applying 


magnesi 


program in 
to commercial uses. 

J. D. Hanawattr @ has be 
named manager of the newly org 


division of th 


ized) magnesium 
Dow Chemical Co. He was for 
director of metallurgical resear 


The appointment of M. G. Sepa 
® as charg 
research and production has bi 
Alloy Rods © 


vice-president in 


announced by 


York, Pa. 


Joun CurpmMan @, professot 


process metallurgy since 193, 
been appointed head of the de} 
ment of metallurgy, 


Institute of Technology, © ids 


E. W. ScnHoEn @ has 
appointed metallurgical 
of Bellevue Industrial Fur 
Detroit. 


Jay Tuomas Forno @, form 
with the A.C. Spark Plug Pivis! 
of General Motors Corp., 1 ! 
chief chemist of Gerity Michiss 
Die Casting Co., Detroit, in! 
Adrian Division. 


research and 


{ 


Mass ic husetts 








Monthly Monthiy 


lonthly 
, Individuel Soap 
Toilet Soap Ration Ration in (946 
earch France, 1943 Ration m France 
5 Now (A smoll piece of lewndry 1945 
hetals soap wos also given) 


arch 


Co., 
the 
RK @ 
been 
r the 
1 the 


enals 


| You Can’t Eat Soap! 


of course — 





but it’s bad to be hungry and dirty both, and that's what 
many Frenchmen are these days. Compare the monthly 
soap ration with what an American hotel provides each 
guest each day .... Similarly such essential foodstuffs as 
rice, beans, chocolate, raisins, sugar, are pared down to 


bare existence levels. 
600 


members of the American Society for Metals are 
sending food boxes monthly to metallurgists, doc- 
tors, teachers, students in France. Join them! Use 
the coupon to get the name of someone you can 


help — you, personally. 








Metal Progress and The Metals Review 
7301 Euclid Avenue, Cleveland 3, Ohio 
Please send me the name of a French metallurgist, 


teacher, doctor, or one’s widow, to whom | can send a monthly 
parcel of food, together with your sheet of shipping suggestions. 
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CINCINNATI, ONIO 
* 


i 


COMPLETELY COORDINATED 


° for Conveying, Cleaning and Finishing 





HERE is part of an Alvey-Ferguson Completely Coordi- 
nated System for conveying, cleaning and finishing metal 
containers economically and efficiently. 


An A-F Overhead Trolley Conveyor carries the con- 
tainers through the A-F Cleaning Machine shown above, 
where the operations of washing, phosphate coating, first 
water rinsing, chromic acid rinsing, second water rinsing 
and drying are performed—then through Paint Dipping, 
and through the Infra-Red Dryer—then back for a com- 
plete circuit to storeroom packing and shipping. 


Completely coordinated and conveyorized cleaning and 
finishing systems, engineered by Alvey-Ferguson, are reduc- 
ing production costs for many prominent manufacturers. 
Whatever your problems in cleaning and handling metal 
parts and products, Alvey-Ferguson can help you solve 
them with either a “standard” A-F Cleaning 
Machine, a custom-built A-F unit, or an A-F 
completely coordinated system. Write today! 


THE ALVEY-FERGUSON CO. 


Offices in Principal Cities 
164 Disney Street Cincinnati 9, Ohio 





Affiliated Corporation: The Alvey-Ferguson Company of Colif., P.O. Box 396, Los Angeles 11, Calif. 












CONVEYING EQUIPMENT 


Alvey-Ferguson ) 


NN OED 
METAL PRODUCTS CLEANING & FINISHING EQUIPMENT 


y 
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Acrrep H. GEISLER @ has joir 
the staff of the General Electrie 
research laboratory in Schenectad 
N. Y. He was previously assoeigi 
with the research laboratory of 
Aluminum Co. of America at } 
Kensington, Pa. 


5 


Announcement has been mpg 
of the appointment of C. Srewas 
Parsons @ as chief of the By 
of Mines, Ottawa, Canada. y 
Parsons has been chief of the me 
lic minerals division of the bureg 
since 1936. 


Kellex Corp. announces th 
appointment of Cari E. Swarr 
as division engineer in charge of 
materials research. He will be af 
the research unit of the Johns Hop- 
kins University Applied Physics 
Laboratory in Silver Spring, Md. 
Dr. Swartz was formerly chief 
metallurgist of Cleveland Graphite 
Bronze Co. 


CLAYTON O. DOHRENWEND @ has 
been appointed research consultant 
and senior scientist of the new) 
organized engineering mechanics 
section of the Midwest Research 
Institute, Kansas City, Mo. Dr. 
Dohrenwend was formerly chair 
man of the mechanics department 
at the Illinois Institute of Techno 
ogy and the Armour Researeb 
Foundation. 


WiLBpuR R. VarRNEY © has 
recently joined the staff of Quaker 
Chemical Products Corp., Consho 
hocken, Pa., where he will act 
liaison engineer between Quaker 
field engineers, laboratory 
customers. 


ArTHUR D. Scuwope @, former 
a metallurgist with the Wright 
Aeronautical Corp., has joined te 
staff of Battelle Memorial Institute 
Columbus, Ohio, where he will & 
engaged in research on the eng 
neering properties of materials. 


B. R. QuUENEAU @, afte! 
years with the U. S. Navy at! 
proving ground at Dahlgren, \ 
has rejoined Carnegie-Illinols 5 
Corp. in Chicago where he will ® 
chief development metallurgis! 


After being released [rot 
connection with the Manhatt 
District Project, W. A. SHERRE 2 
has joined Reaction Motors 
Pompton Plains, N. J., as rese* 
engineer. 
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of this 14" steel casting 
at 140 kilovolts? 





NM. Kodak's Type M, 
s with lead foil screen 


Characteristic Curve, 

Kodak Industrial X-ray Since the material of this '4-inch part—cast steel 

Film, Type M, with direct had obviously been selected for its high-strength prop 

X-ray exposure or with me- ; 

tallie ecveeus. (Develep- erties, the radiographer realized that his inspection 
ment: 8 minutes at 68° F., must be extremely critical. Ile therefore chose, for his 
in Kodak Rapid X-ray De- examination, Kodak Industrial X-ray Film, Type M, 
veloper or Kodak Liquid ; L 

X-ray Developer and Re- 
t[— | J _ plenisher.) exact combination of high contrast and fine grain 


~ 30 


with lead foil sereen—he knew it would give him the 
: rT) 2 . 
108 GELAINE CHORE re production so necessary for the detection of minute 


discontinuities 


For mspection of steel parts within its voltage 
thickness range for highly critical examination of 
non-ferrous castings or light alloys at average voltages 

Kodak’s Type M provides the maximum 


radiographite sensitivity, 


In addition to Type M, Kodak supplies 
these three types of industrial x-ray film: 


Kodak Industrial X-ray Film, Type A most often used 
for light alloys at lower voltages and for million-volt radiog 
raphy of thick steel and heavy alloy parts. 

Kodak Industrial X-ray Film, Type K ... for gamma and 
x-ray radiography of heavy steel parts, or of lighter parts 
at low x-ray voltages where high film speed Is required, 


Kodak Industrial X-ray Film, Type F . . . primarily for 


radiography, with calcium tungstate screens, of heavy de Pe 


ate« | parts The fastest possible radiographic method, ao 


EASTMAN KODAK COMPANY 
. odalkx 


X-RAY DIVISION, ROCHESTER 4, N. Y. 
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230,000 IN. LBS. 


Testing a 6-ft. specimen this Krouse machine develops 230,000 
in. lbs. bending moment in repeated stress. Specimen adapters 
add to its versatility in testing axle shafts and housing, airplane 
propellers, welded and riveted joints, etc. Produces any range of 
bending stress found in actual service. The large rigid bed pro- 
vides ample space for torsion tests on large specimens. Equipped 
with automatic brake to stop machine on specimen failure, accu- 
rate stroke adjustment to 3 inches, variable speeds from 650 to 
1750 rpm. 
Write for bulletin P-46-W 


LABORATORY SERVICE 


KROUSE TESTING MACHINE COMPANY 


“Falls Brand” Alloys — 


“FALLS’’ COPPER SHOT 
For Addition to Cast Iron 














Promotes the following properties: 
Increased tensile strength, transverse strength and 
Brinell hardness. 


Increased wear resistance — Increased resistance 
to heat and corrosion. 


Increased fluidity and sharper castings. 


Write for Complete Details. 


NIAGARA FALLS SMELTING 
& REFINING CORPORATION 


ca's Largest Producers of Alloys 


BUFFALO 17, NEW YORK 
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Cast Steel Quaiity* 


M ECHANICAL PROPERTY TESTS 
” were made on test burs from 
48 heats with 0.15 to 0.31: carbon 
and 0.55 to 1.20% manganese in the 
as-cast, annealed, and normalized 
and tempered conditions. The man- 
ufacturing data, microstructure and 
macrostructure were examined also 
in an attempt to determine the fac. 
tors having the most pronounced 
influence on the quality of cast 
steel. 

The nature and distribution of 
the inclusions, grain size and 
method of manufacture could not 
be definitely correlated with the 
mechanical properties. However, 
the specimens with randomly dis- 
tributed inclusions had a definite 
superiority over the specimens 
with grain boundary inclusions in 
respect to elongation, reduction of 
area, and Izod impact strength. 
Likewise, there was an indication 
that the steels with the largest aiu- 
minum additions in the final deoxi- 
dation —-and therefore the finest 
McQuaid-Ehn grain size —had 
the highest impact values in the 
annealed and in the normalized and 
tempered conditions. Casting tem- 
peratures under controlled condi- 
tions may have a slight effect on 
the mechanical properties, but in 
the present work their influence 
was so weak that it was hardly 
noticeable. 

The microstructures did not dif- 
fer appreciably and gave no indica- 
tion of the mechanical properties to 
be expected. There were quite dis- 
tinctive differences in the macro- 
structure, which varied from a 
featureless structure to a fine and a 
coarse columnar structure. How- 
ever, the macrostructure apparently 
had little if any effect on the 
mechanical properties. 

Unsoundness, as indicated by 
blowholes or porosity, had a pro- 
nounced effect, particularly on the 
reduction of area and elongation. 
Its influence on these values was 
stronger than on the tensile strength 
and Izod impact strength. The 
effect of unsoundness on the tensile 
properties depended largely on the 
actual location of the defect in the 
test piece; test pieces thal were 
blown only in the head gave quite 
satisfactory results. (To page 132 


* Abstracted from “The Influence of 
Melting Conditions on the Physical 
Properties of Steel Castings”, by H. T- 
Protheroe. Iron and Steel Institute 
Advance Copy, Aug. 1944, 23 p 
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NICHROME 
is made only by 
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7 Peres at 


Driver-Harris 


COMPANY 
HARRISON, N. J. 
BRANCHES : Chicago, Detroit, Cleveland, Los Angeles, San Francisco, Seattle 
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METAL CONGRESS LECTURES 


CORROSION of METALS 


Now Available in Book Form 


An excellent reference text on corrosion com- 
posed of five educational lectures presented at 
the February, 1946, National Metal Congress 
by outstanding specialists in this field. 


The first lecture, covering basic principles, is writ- 
ten largely on the theme of corrosion reaction rates. 
Chemical attack is discussed from the standpoint of 
surface film formation and characteristics. Similarly, 
electrochemical corrosion is discussed primarily from 
the standpoints of the intensity and the relative dis- 
tribution of the corrosion. Those factors which may 
influence the rate of reaction and the localization of 
attack are considered. 


The second lecture considers the effect of compo- 
sition and environment on corrosion of iron and steel, 
and discusses separately the four natural media in 
which iron and steel are used—namely, atmosphere, 
fresh water, sea water and soil. Variables in the 
medium under discussion are covered in detail. 


Stainless steels and the high nickel alloys are the 
subject of the third lecture, which summarizes and 
tabulates the large mass of data available on these 
alloys. Effects of composition, heat treatment, sur- 
face condition, environment, and stress are discussed 
in detail. Curves and tables are included. 


Corrosion behavior of the light metals, aluminum 
and magnesium, is explained in the fourth lecture 
largely cn the basis of electrochemical theory, 
although chemical corrosion is not neglected and the 
formation of surface films, so important in these 
alloys, is described in detail. Methods of test and 
test results are given at length. 


The final lecture covers the copper alloys, long 
known for their stability and resistance to deteriora- 
tion. Specific applications for which they are best 
suited are tabulated, and the methods by which cop- 
per alloys corrode are shown to be by general or 
uniform thinning, pitting, dezincification, stress cor- 
rosion and corrosion fatigue cracking, and intercrys- 
talline solution. Detailed data included. 


192 pages ... 70 illustrations...6x9... 
red cloth binding . . . $3.00 


ECHNICAL BOOKS 


AMERICAN SOCIETY FOR METALS 
7301 EUCLID AVENUE CLEVELAND 3, OHIO 
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Cast Steel Quality 


(From page 130 

In all conditions, the tensile 
strength increased gradua!|, with 
increasing carbon content. [t was 
impossible to determine any effec 
of the nickel, chromium or manga. 
nese content. Since the tensile 
strength variations could be attri). 
uted to variations in composition. 
tensile strength was not suitable as 
an indication of the quality of the 
steel. The Izod impact strength, 
reduction of area and elongation 
were better criteria but the latter 
two were more sensitive to the 
presence of unsoundness. On the 
assumption that the Izod value was 
inversely proportional to the tensile 
strength, the expected Izod could 
be calculated for each steel. The 
comparison of this value with the 
actual Izod was taken as a measure 
of the quality of the steel. It was 
apparent that the factor influencing 
the as-cast quality persisted after 
heat treatment. 

The most potent factor affecting 
the quality was found to be the 
combined phosphorus and sulphur. 
All steels with a total sulphur plus 
phosphorus over 0.09% were infe- 
rior whether sound or unsound. 
Steels with lower sulphur plus 
phosphorus that were inferior 
invariably showed signs of 
unsoundness. 8 


Metal Stampings 


N THE DESIGNING of mass pro- 

duction items, stampings should 
always be considered, and when- 
ever practical, early consultation 
with stamping engineers is desir- 
able. Designers should reconsider 
the design from its functional 
requirements rather than merely 
duplicate the previous product. 
Forward-looking stamping enégl- 
neers no longer think in terms of a 
simple stamping but instead in 
terms of assemblies and subasseil- 
blies of stampings or of combined 
stampings with machined forgings 
or castings. Operations such as 
assembly, brazing, welding, finish- 
ing, painting, plating and even 
porcelain enameling will be offered 
by job stampers along with press 
work. New and better methods of 
inspection have been installed by 
stamping concerns, including mas 
naflux and X-ray equipment. Tre- 
mendous strides have been made 10 
deep drawing (Cont. on page 134) 
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@iine's A NEW PLUS VALUE 
ld N-\-X HIGH-TENSILE steel has now beenf# put to work” in the 
n- tubing field. 
: The high inherent properties of gs low-alloy steel open the door 
of to better values in tubular pg#ts and products. Its strength gives 
al designers the choice of rg@#ucing mass or increasing durability in 
ly such diversified appligMtions as bicycle frames, porch furniture, 
t. auto seat frames, Mis stanchions, garden implements and scores 
i- of others. Resjffance to impact and fatigue is exceptionally high, 
a corrosion-rg#istance very good. 


N-A-X JfIGH-TENSILE is easy to form and to weld by standard com- 
mgftial processes. Weldments are unusually strong and tough, 
With good ductility retained in the heat-affected zones. 


Electric-welded N-A-X HIGH-TENSILE tubing is now available 
through various tubing manufacturers. 


GREAT LAKES STEEL CORPORATION 


N-A-X ALLOY DIVISION . DETROIT 18, MICHIGAN 
UNIT Oo F NATIONAL STEEL CORPORATION 
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ROCKWELL FORGE FURNACES 


A Complete Range of Slot Type-Door Type 
Double End-Rotary Hearth or Portable Types 


OIL OR GAS FIRED 






. 
d Heavy Forging 
Bor, Angle Tube, 


d, 
oe Billet Heating 


Light on 


Heating for Flanging, e 
Pressing, Shaping, Ben? 


4 End or Center Heating 


Shor 
Rivet Heating 


Tool Dressing 


Tube Brozing 


Door type forge furnaces, side fired by 
automatic proportioning oil burners. 


Triple slot forge furnace, 
rear fired, for large pro- 
duction with controlled 
low forging temperature. 


Standard single slot forge 
furnace with burners firing 
from both sides. 





Forge furnace for end-heats on 
short billets or tubes, for up- 
setting, nosing or closing. 


Rotary hearth forge furnace for heat- 
ing steel shells for nosing. 


Here are some of a complete line of Rockwell standard and 
special oil- or gas-fired, batch or continuous forge furnaces, 
built in single or multiple chambers of any required size for 
controlled heating operations. Rockwell Bone are built for 
better performance, to stand up longer in service. Write 
for Bulletin No. 410. 


£=)) ROCKWELL FURNACES 


ee latch or Continuous Types—Gas * Oil - Electric : 
W. S. ROCKWELL COMPANY 









204 ELIOT STREET * FAIRFIELD, CONN. 


In Canada—Francis Hankin & Co., Ltd., 2028 Union Ave., Montreal 2 
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Metal Stampings* 


(From p. 132) without inicrmediate 
annealing, in coining d close 
tolerance techniques and in fabri. 
cating methods such as gas anq 
electric welding and in silver and 
copper brazing. Formed steel sheet 
assemblies are being designed with 
dimensional tolerances and rigidit, 
as good as can be obtained with 
any other fabrication method. 
Part of the unprecedented 
advance in aluminum stampings 
may be attributed to the adoption 
of new alloys and part to advances 
in manufacturing technique. [py 
many cases, the close tolerances 
and short radii make the stampings 
interchangeable and more than sat- 
isfactory substitutes for hand and 
hammer work and for machined 
aluminum forgings. Forming of 
magnesium sheet on presses, how- 
ever, is still in its infancy. It js 
not suitable for cold drawing but 
can be easily formed and drawn if 
the dies are heated to about 60(° F 
Successful forming and drawing of 
magnesium sheet presents many 
interesting possibilities. 

Porcelain enamel may be used 
on steel stampings not only to pro- 
vide beauty of appearance but als 
heat and corrosion resistance. 
Improved enameling steels have 
been announced, and a_ one-coat 
dark color is (Continued on p. 13 

*Abstracted from the following 

“Flexible Tools for Stamping Ligh 
Metals”. Modern Metals, Aug. 1945 

“Stampers to Make End-Products 
and Subassemblies”. Steel Processing 
Oct. 1944. 

“Stamping Light Metals”. Moder: 
Metals, April 1944. 

“Deep Drawing of Windshields f 
Heavy Caliber Shells”. Steel Processing 
Jan. 1945. 

“Mass Production of Aircra: 
Expanded Through Increased Use 0 
Stampings”. Steel Processing, May 1% 

“Porcelain Enamel on Steel Com- 
ponents in Postwar Era”, by G. H 
McIntyre. Steel Processing, Feb. 1%5 

“Precision Mindedness in Pres 
Operations”, by R. W. Glasner. Mo- 
ern Industrial Press, Feb. 1945, p. 22, 24 

“Greater Output Through Applica- 
tion of Modern Press Design”, by R. W 
Glasner. Steel Processing, March 1945 

“The Effect of War Production 0 
Metal Stamping Technique”, by How¥- 
ard Wolf. Finish, May 1945 

“Complete Assembly of 57-Mm. Gu! 
Carriages by Pressed Metal Produce! 
Steel Processing, Dec. 1944. 

“Welding and Brazing of Stampee 
Parts”. Western Machinery and Ste 
World, June 1945. 

“Press Forming Possib! 
Heavy Sheet and Plate”. Product Eng 
neering, Feb. 1945, p. 125 to 1°9 
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A New Guide for Alloy Steel Buyers 
is Just Off the Press! 


A graphic pictured description of 
facilities available to you in the world’s largest 
alloy steel specialty mill producing Bars and 
Seamless Tubes. 

A concise informative presentation of special 
processing techniques, unique quality control 
methods, metallurgical research and customer 
cooperation. 

A complete listing of Timken Fine Alloy Steels 
in Seamless Tubes, Billets, Bars and Wire 
Form with analyses, physical properties, sizes, 
finishes and uses. 

No alloy steel buyer should be without it. A 
copy will be sent free when requested on 
your company’s letterhead. Write Steel and 
Tube Division, The Timken Roller Bearing 
Company, Canton 6, Ohio. 


* YEARS AHEAD — THROUGH EXPERIENCE A® 


SPECIALISTS in hot rolled and cold finished Alloy Steel Bars for forging and machining including Stainless, Graphitic and Tool Steel analyses, 
Also. Alloy Steel Seamless Tubes for mechanical and high temperature applications. 
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CHECK 
BLOWERS 

AND EXHAUST 
SYSTEMS 





Instantly 
with the Alnor Velometer 


This instantaneous direct reading air velocity 
meter measures air speed in feet per minute. 
There are no calculations, no timing, no con- 
version tables; its use is so simple that anyone 
can take accurate measurements with the 
Velometer. Extension jets permit correct read- 
ings in many locations that would be difficult 
or impossible to reach with other means of 
measurement. 

Keep exhaust equipment working efficiently 
by regular checks for draft, leaks, blower oper- 
ations, etc., with the Alnor Velometer. You can 
get accurate information on performance with 


a few minutes’ inspection at regular intervals. 


The Velometer is made in several standard 
ranges from 20 fpm to 6000 fpm and up to 3 
Velometer used for positive imches static or total pressure. 

static pressure readings e ? 
Special ranges available as 
low as 10 fpm and up to 25000 
fpm velocity and 20 inches 
pressure. Write for Velometer 


bulletins. 


ILLINOIS TESTING LABORATORIES, INC. 


420 North La Salle Street 
Chicago 10, Illinois 
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Metal Stampings 


(From p. 134) already actical 
possibility with a semi-:atte o, 
glossy finish. The enameling inqdys. 


try is at last approac} Ng the 
possibility of a one-coat white 
application on steel without , 
ground coat. Cover coat white 


enamels of high opacity, better aciq 
resistance and improved workabjil. 
ity are also available. All enam. 
elers should be familiar with th, 
various types of welded joints 
which can be enameled success 
fully. It should be determined js 
copper brazed joints can be satis. 
factorily enameled. 

The possible applications of 
new production techniques used ij 
the manufacture of the deep draw; 
steel shell cases and the wind- 
shields for armor-piercing steels 
are interesting. Experience gained 
during the war in the production 
of parts stamped, formed or drawn 
cold from heavy plate up to % in. 
thick has indicated many other 
suitable applications. Advances 
have also been made in the manv- 
facture of large and heavier hot 
pressings. Low carbon steel is pre- 
ferred. Cold rolled steel has the 
best finish but this has little value 
if intermediate anneals are required. 
High strength steels need generous 
bending radii. Stainless steels are 
expensive but have excellent draw- 
ing properties. Aluminum and 
brass are used for heavy work, but 
copper and magnesium are seldom 
used. Blanking operations on heavy 
material are limited by the size of 
the available press. Forming oper- 
ations are limited largely by the 
allowable radii. In piercing holes 
the diameter should not be less 
than the stock thickness. Rectah- 
gular draws are more difficult and 
more limited by press capacity than 
round draws. The deepest draws 
require hydraulic presses. 

The pressed steel industry has 
realized that it ‘vould be possible 
to expand greatly the market for 
stampings if an inexpensive method 
for the production of short run dies 
and tools could be devised. Th 
aircraft industry has made marked 
progress in this direction with th 
use of zinc alloys, plastics, rubber 
and plywood. Kirksite, a zinc allo) 
containing aluminum and magie 
sium, has been frequently used for 
tools for blanking, forming 4n¢ 
deep drawing aluminum, Plastics 
are not a cure-all for emergenc) 
tooling but have made it possible 
solve many difficult problems. 0” 
type combining (Cont. on 138 














LET A BALDWIN 
PRESS ENGINEER / 










- Baldwin Hydraulic Presses will finish 
“a many products in a single operation. 
ts They will help you to: boost produc- 
tion—reduce rejects—thereby lowering 
unit Costs to meet present day com- 
petition. 

A standard Baldwin press may serve. 
A special model may be required. 
Baldwin can design and build that, 
too. Baldwin engineering has produced 










some of the most powerful and precise 






hydraulic presses ever made. May we 
work with you? The Baldwin Loco- 
motive Works, Baldwin Southwark 
Division, Philadelphia 42, Pa., U.S.A. 
Offices: Philadelphia, New York, Chi- 
cago, St. Louis, Washington, Boston, 
San Francisco, Cleveland, Detroit, Pitts- 
burgh, Houston, Birmingham, Norfolk. 
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SOUTHWARK 
HYDRAULIC PRESSES 
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NEW industrial accessory has been 
developed tor use with SEARCHRAY 
150 X-ray units. 

This is why it was made. 

SEARCHRAY was used to answer an 
internal inspection problem facing a 
manufacturer of electronic tubes. To 
Maintain maximum quality standards 
resulting from experience, the manufac- 
turer desired further study of the internal 
alignment of tube parts—atter they were 
assembled and sealed into their envelopes 
Visual inspection was of little value 
because flash coatings obscured the inter- 
nal components. Ordinary X-ray inspec- 
tion did not provide the answer because 
the divergent X-ray beam distorted and 
displaced the elements. (See radiograph 
at right above). 

This is how the problem was solved. 

Philips engineers devised a_ small 
motor-driven scanner which makes use of 






orele 0 KM 


Reg. U.S. Pat. Off 


7 The Searchray models 80 and 150 (150 illus- 
trated) are completely self-contained and offer no 
p= gore ems. Each is completely lead-enclosed 
with all adjustments centralized for simple operation. 
(Above) Radtograph revealing internal alignment 
and physical dione of tubes referred to below. 








the heart of the X-ray beam, producing 
radiographs free from characteristic dis- 
tortion. (See radiograph at left above.) 
The radiographs were of such excellent 
detail that measurements to a small frac- 
tion of an inch were possible. 

The scanner proved useful in manufac- 
ture of vacuum tubes, capacitors, switches, 
breakers, timing devices, storage bat- 
teries and other precision assemblies 
where accurate determinations of space 
relations after sealing were necessary 

This is another example of how 
SEARCHRAY serves industry by con- 
tributing to better inspection methods. 
For more about this exclusive device, 
write today to the address below. 

Noret_co products include: Quartz 
crystals, cathode ray tubes, industrial and 
medical X-ray equipment, fine wire, 
diamond dies,tungsten and molybdenum 
products. 





™m. ELECTRONIC PRODUCTS 








NORTH AMERICAN PHILIPS COMPANY, Inc., oo0..y.> new vor v7, nv. 
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Metal Stampings 


(From p. 136) ceramics and ther. 
moplastic material is used for pro. 
file duplicating blocks, stretch press 
form blocks and stretch dies, The 
other is a cast phenolic with high 
compressive strength. These tools 
and dies should be very useful po 
only for trial runs before perma. 
nent tooling is installed but als, 
for runs where only a relatively 
few pieces are required. 

New presses have many adyap. 
tages over older models.  Pregse< 
have steadily increased in size ang 
capacity, and many specifi 
improvements have been made, The 
development of hydraulic presses 
has been rapid. More accurate co; 
trols and faster speeds are note. 
worthy. Stamping plants should 
take advantage of the improvements 
in modern presses. The press man- 
ufacturers can provide much hel 
to the stamping producer who js 
buying a new press. Even if the 
best press for the job is expensive 
the increased cost per stamping is 
negligible. Only the most efficient 
kind of press will be good enough 
for the exacting demands of pre. 
cision stampings at low cost 8 


Barium Metal’ 


} peedhapelry THE plentiful distribu 
tion of barium minerals, a chea| 
means of preparing barium metal 
is not yet known. This is because 
of its great chemical activity and 
difficulty of isolation. The Guntz 
process involves the making o 
barium by the reduction of bariu 
oxide with either silicon or alun 
num. The reduced barium \ 
removed by heating the residu 
under a vacuum so the barium |! 
distilled off and condensed in 
cool part of the apparatus. 1! 
relation of the reducing agent ! 
the oxide in the reaction mixtu 
is important. Guntz suggested th 
use of three parts of barium ox 
to two of aluminum. It is believed 
that the orthosilicate is formed 
when silicon is employed as tt 
reducing agent, while the mone 
aluminate is produced in the alt 
minum reduction. 

The diffusion of the bart 
oxide toward the reducing a& 
controls the speed of the operat! 

(Continued on page 1+ 


*Abstracted from “Processes 
Making Barium and Its Alloys”, 5! . 
J. Kroll. Bureau of Mines Informatie! 
Circular, I.C. 7327, Aug. 1945 
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HEAT 


or production Quality 


Salem Engineering Company designs and builds industrial furnaces and heating 
equipment for production of ferrous and non-ferrous metals . . . for metal fabricating 
... for forging and foundry operations. Where new and revolutionary ideas necessi- 
tate ingenious use of heat, Salem engineers survey the problem and “come up” 
with not only the heating solution, but in many cases, the means of material han- 
dling. In short. ..Salem tailors its equipment to a streamlined flow of production. 


t wl Pa ici 





The world’s largest rotary furnace... built by Salem 


Evidence of Salem's experience lies in the world’s largest rotary furnace, in all of America’s burt 
weld pipe mills, in all of the circular soaking pits, in all of the small arms ammunition plants, as 
well as in continuous annealing and heat treating furnaces and batch type ingot heating furnaces 
operating throughout America and abroad. 

A 16-page book entitled “Engi- 

neered Heat” is ready for you. 
Just send your name and address. 


LE 


SALEM ENGINEERING CO. 
SALEM, OHIO 


TORONTO, ONTARIO, CANADA 
LONDON, ENGLAND 
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e more about “heat -treatment-on-the-fly” 





HEAT-TREAT RECORDS PROVE 
»»».» Costs down 


' ...-» Quality up 


Heat-treating ring gears in this machine has 
given a new measure for low cost. Increase in 
treated gears per minute has sent unit costs 
tumbling but—equally important—the metal- 
lurgical result is above any former standard. 


Work flow is maintained through the heat- 
treat cycle...load, heat, quench and dis- 
charge ...to fit into timed production line 
operations. Selas engineered function -fitted 
gas combustion eliminates wasteful handling, 
brings in-line advantages to heat-treatment. 


How can Selas production-line techniques 
improve your heat-treat results? Tell us your 
problems—Selas engineering may provide 
their solution. 


wy SELAS CORPORATION OF AMERICA PHILA 34 PA 
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Barium Metal 


(Continued from page 138) 
Additions of materials such as cal 
cium fluoride which act as miner. 
alizers may also have a: influence 
on the rate of diffusion. It js felt 
that the reduction of barium goes 
by way of the silicide or aluminide 
although this is not yet certain for 
the reduction of dolomite with alu- 
minum or silicon. 

Barium alloys can be made read. 
ily either by the direct reductioy 
of the oxide with silicon or aluni. 
num; by the reduction of the chlo. 
ride with calcium, of the fluoride 
with aluminum, or of the chloride. 
oxide mixtures with magnesium: 
or by the sodium reduction of the 
chloride in the presence of heay 
or light metals. All the method 
using metal solvents for the bariup 
have the disadvantage that low 
grade alloys have to be submitted 
to the dissociation procedure aj 
fairly high temperatures in a good 
vacuum. The alloys always pick 
up some oxide which stays behind 
in the barium metal. Fusion elec- 
trolysis with heavy metal cathodes 
in which the heavy metal may be 
introduced also as a salt or taken 
from a subsidiary soluble anode, 
has been frequently used for mak- 
ing lower grade alloys. The well 
known Frary metal with about 2' 
barium, some calcium and th 
remainder lead was made this way 

Light metal barium alloys may 
sometime find practical application, 
but present methods of production 
prohibit their use as a getter metal 
because of the presence of small 
amounts of chlorine which cannot 
be removed by the vacuum treal- 
ment, or because they are stable | 
a vacuum. Alloys of barium an 
mercury may be made by aqueous 
electrolysis but the mercury can! 
be removed completely from thes¢ 
alloys. Multiple equilibrium reac- 
tions may take place between alkali, 
alkaline earth raetal chlorides, and 
any metal of these groups alone 
in the presence of or in solution 
light or heavy metals; this method 
generally yields alloys which other- 
wise would be difficult to prepare. 

Two apparatuses for making 
barium by the Guntz process are 
described in detail. One utilizes 
high frequency heating with dow?- 
ward condensation while the other TH! 
involves external heating and * 
upward condensation. The bes | 
results are obtained at 2100° F., but 
in the second apparatus where 
external heat is applied through 4 
refractory tube (Cont. on page 142) 


ace 








PRI 


23 4 








to Industry Has Many Examples of “Necessities 
hoduction” Sped by -fegderal-“wetorrs: 


AMERICAN 
ACCESSORIES 


METAL PRODUCTS 
RADIO PARTS 


Company, Detroit, automatically 


welds spring pods to axle hous- 
PRODUCTION 


ings (up to 240 per hour) on 
Se instance, you can take a heavy-gauge steel tube like this,—> 
which is a rear axle housing component, and a heavy gauge stamping like this, —> 
pauesomens which is a spring pad; insert them in a Federal PA-4 Press Type Welder with 
simple dies (shown above) and they come out cs though one piece of metal .. . 
but stronger. Fifteen seconds total time. That's four pieces a minute. 


this Federal Press Type 
Note the three nubs projecting inwardly on each side of the saddle portion of the stamp- 
ing. At these points of contact between stamping and tube, welds initiate. Under heat and 
pressure the parts are forged together in these areas, the junctures becoming stronger 
aeenees than surrounding parent metal. 
To the vast saving of time, against previous joining methods, add time savings on final 


PROJECTION WELDED — Thousands of 255emblies and great economy in material resulting from this design. (Heavy castings were 

variations of the typical items above are used where lighter but tougher stampings now do the job). There you find the reasons 

produced at low cost on Fedaral Welders why industries noted for making the most of needed goods at the lowest cost are largest 

ind Bescribed m Bulletin 4520. Y eo 9 pene goods a ore 
‘ users of Federal Resistance Welders. 


Welder. 

















This is typical of hundreds of Federal welded jobs produced by the American Metal Products Company of Detroit, makers 
of quality parts for many industries. It is typical too, of thousands of other production-speeding, cost cutting methods 
possible with Federal Resistance Welders. 


ig Every delay of full-scale production for the dammed-up needs of world markets through shortages of material or of work 
re makes the need for eventual production speed more important . . . lowering of unit costs more urgent. When you find out 
\through the Federal Engineering Service nearest you) how ycu con cut cost and time in YOUR production with automatic 


welding, be sure that you get Resistance Welders by... ~federal~ 
THE 


aie BULLETIN SP 346 Describing Federal Spot, Flash, Projection, Seam and “Gun"" Welders is yours for the asking. 
. € era gw (aimee) 


Base2 MACHINE AND WELDER CO. iiiz.5) 


vemmer and Adoms Co. Cleveland—SPECIAL HIGH PRECISION MACHINES 
eg 
Worren City Mfg Co. Warren— WARCO PRESSES and PRESS BRAKES 
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This is an annealing tray, one of many we have alloyed and 
cast for plants operating annealing furnaces. It is typical of 
the high alloy castings we can produce for industry. Our 
experience in the chrome-iron and chrome-nickel alloy cast- 
ing field goes back to 1922. Our foundry is one of the most 
modern in the country with electric furnace capacity capable 


of turning out individual castings up to about 4 tons. 


If you require castings to 
meet high temperatures, 
corrosion or abrasion, con- 
sult with our metallurgical 
department. Perhaps with 
Our experience we can 
recommend and produce 
improved castings. 





6-DU-2 


THE DUNALUY COMPANY 
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Barium Metal] 


(Starts on p. 138) the | sai 
measured between the tui» ae 
reaction crucible was 21%\)° F. The 
barium oxide must be freshly pre. 
pared. Under optimum conditions 
2.2 parts of barium oxide and 0.91 
part of aluminum were consumed 
to produce one part of barium. 
Based upon the experience oj 
the silicothermic distillation playjs 
producing magnesium, bariyy 
probably could be made on a larg 
scale at a cost of less than 45¢ per 
lb. as compared with the presen; 
price in small lots of $15 per jp, 
The chemical methods of making 
alloys would compete on this cost 
basis. 8 


Endurance of 


Fillet Welds* 


FATIGUE TESTS under axial load 

ing were made on A.S.T.M. A? 
steel specimens so designed that 
the loads would be _ transmitted 
through shearing of the fillet, plug 
or slot welds. Joints of these types 
might be used for connecting one 
end of a flat plate of a channel 
tension member in a bridge o1 
building to a gusset plate or chord 
member. If cycles of widely vari 
able stress will be frequentl 
repeated, the base material is almost 
always the critical element and 
will probably fail at an uneconom- 
ically low maximum stress. Under 
these conditions, fillet, plug or slot 
welds are much inferior to butts. 

For a welded connection i 
shear across a faying surface, n 
arrangement is much more eflicie! 
than a fillet across the free en 
continued into a fillet along eac! 
side of the narrower connecte 
part. With such welds, dependabl 
values of fatigue strength of fille! 
welds in shear on the throat are 
given in the table as Series ! 
Fatigue strength of fillet welds 0 
tee joints with the stem materia 
subject to tension perpendicular ! 
the flange will depend on the siz 
of the fillet. Values of the shear 
on the throat for ¥s-in. fillets are 
given in Series 2. Dependable val 
ues of fatigue strength of the mai 
material under (Cont. on p. 14 


* Abstracted from “Fatigue Streng™® 
of Fillet, Plug and Slot Welds in Ore 
nary Bridge Steel”. Report No. 4 of the 
Committee on Fatigue Testing (Struc 
tural) of the Welding Research Cou 
cil of the Engineering Foundation 
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These furnaces produce 
cleon, bright strip in con- 
tinvous sequence, in the 
widest range of gouges 
ond moterials. Fully auto- 
motic temperoture and 
speed control 
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Toke up and poy 
off mechanisms 
perfected for 
quick, easy pro- 
duction with mini- 
mum handling of 
material during 
processing. Single 
or multiple strips 
run with equal fo- 
cility. 
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The copacity of these fur- 
foces range from a few 
pounds per hour to several 
tons per hour depending 
¥pon material ond gauge 
being run. Ideal annealing 
stmosphere supplied by 
Drever Ammonia Dissocia- 
tor (shown ot left of fur- 
face! 
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790 E. VENANGO ST., PHILA. 34. PENNA. 


PRESSURE QUENCHES CONTINUOUS FURNACE LINES HEAT TREATING FURNACES 


NEW YORK & NEW ENGLAND—GERALD B. DUFF, 68 CLINTON AVE., NEWARK 5, N. J. 
W. PENNA., W. N. Y. and OHIO—H. C. BOSTWICK, 3277 KENMORE RD., CLEVELAND 22, OHIO 
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Fillet Welds 


(From p. 142) tensile stress when 
connected by fillet welds not con- 
centric with the part (a single lap 
splice) are given in Series 3. 

Plug welds have a dependable 
strength in shear for 100,000 cycles 
corresponding to Series 1, but this 
should be reduced to three-quarters 
the value given for 2,000,000 cycles. 
Main material connected by plug 
welds has the dependable values in 
shear as given in Series 3. Slot 
welds, longitudinal or transverse, 
have endurance strengths too far 
below the values given to be prac- 
tical for parts subject to cyclical 
stress. 

Fillet welds in holes have 
dependable fatigue strength in 
shear equal to Series 1. Continu- 
ous plates under tension lose com- 
paratively little fatigue strength 


through the welding of an attach- 
ment to one side only by transverse 
fillet welds but lose possibly one- 
third of their fatigue strength 
through the welding or riveting of 
such attachments to both sides at a 
common section. 

One set of specimens was helped 
by peening while another was 
greatly harmed. Therefore, peen- 
ing should not be used for bridges 
until more information on _ this 
practice is available. 

Fillet welds subjected to a com- 
bination of shear and bending (as 
in beam web connections) show an 
extreme fiber shearing stress as 
high as in fillet welded connections 
in pure shear, but fillet welds simu- 
lating top and bottom flange con- 
nections show very little fatigue 
strength and should not be used 
for cyclical loads. Fillet welds 
between webs and flanges in flex- 
ural members are being studied. © 


Fatigue Strength of Fillet Welds 


SERIES 1 


STrEss CYc.Les (N) 100,000 2,000,000 


Material in tension 
Full reversal 11,000 8,250 
Zero to max. 22,000 16,500 
Max. to %4 max. 44,000 33,000 
Material in compression 
Zero to max. 28,000 21,000 


SERIES 3 
100,000 2,000,000 


SERIES 2 
100,000 2,000,000 


12,000 6,000 9,600 5,400 
16,000 8,000 16,000 9,000 
32,000 16,000 24,000 13,500 
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Engineering 
Alloys 


Engineering Alloys — Substan- 
tially enlarged to 834 pages to 
include 12.550 alloys, their trade 
names, physical properties, chem- 
ical composition, uses and the 
names of the manufacturers. En- 
gineering Alloys completely 
blankets the alloy field. No other 
publication can provide the source 
for so much information as this 
veritable one-volume library. This 
brand new second edition lists 
practically every alloy ever pro 
duced. Six sectional divisions 
permit easy and quick access to 
desired information as follows: 
Section 1— Alphabetical listing 
and serial numbers; Section 2 — 
Names, compositions, properties 
and uses; Section 3 — Classifica- 
tions and uses index; Section 4 — 
Directory of manufacturers; Sec 
tion 5 — Key Index to manuiac 
turers: Section 6 — Appendix 
Classification of heat and corro 
sion resistant alloys, etc. 834 
pages...6x 9... Red Cloth 
Binding. 


$10.00 


Order now from 


TECHNICAL BOOKS 
American Society 
for Metals 


7301 EUCLID AVENUE 
CLEVELAND 3, OHIO 




















A FLIGHT INTO THE FUTURE 
The strange world depicted in this illustration 
likely doesn’t look half as fantastic to you as 
our world today would look to residents on 
earth 100 years ago. 

Many new products are in the offing. The 
versatile alloys—aluminum and magnesium— 
possessing lightness combined with great 
strength, will play an important part in these 
new developments. Bohn engineers would 
like to discuss with you the many advantages 
of these light metals in relation to the products 
you make. 

BOHN ALUMINUM AND BRASS CORPORATION 
GENERAL OFFICES—LAFAYETTE BLDG. — DETROIT 26, MICH. 


Designers and Fabricators—ALUMINUM © MAGNESIUM © BRASS © AIRCRAFT-TYPE BEARINGS 




















Gives Continued Accuracy, 
Rapid Measurements 


THE CLARK has everything you 
want in a hardness tester—direct 
reading precision dial, durable con- 
struction, ease of servicing. Three 
standard models shipped complete 
with weights, dust protectors, dia- 
mond and steei penetrators, test 
blocks, and anvils. 


CLARKATOR CHECKS DIAL INDICATORS wich 
micrometer speed and sine bar ac- 
curacy. Easy to operate—just four 
simple steps. Complete instruc- 
tions, perma- 
nently fas- 
tened to base. 




































MASTER DIAMOND 
CHECKING SET elimi- 
nates hardness 
tester errors. 
Consists of a mas- 
ter diamond pen- 
etrator and two 
test blocks. Pre- 
cision is assured 
over a long pe- 
riod because the 
set is used only for 
checking. Fur- 
nished in leather 
case. 


Learn the truth 
about hardness 
testing! This 20- 
page reference 
manual (right) 
contains infor- 
mation on his- 
tory, theory, prac- 
tice, and equip- 
ment for modern 
hardness testing. 
Available to ex- 
ecutives without 
charge. Write 
Dept. MMS to- 
day! 


CLARK HARDNESS 
TESTER 











CLARKATOR CHECKS DIAL 
IMDICATORS 


CLARK 


INSTRUMENT, 


INC. 


10200 Ferd Road ° Dearborn, Mich. 











Electric Furnace 
Linings * 


Tue SEVERE SERVICE to which 

refractory linings are subjected 
in the basic electric furnace is 
indicated by a life only a third to 
a fourth that obtained in compara- 
ble positions in the openhearth. 
This difference is due particularly 
to the intense nature of the source 
of heat, its relative proximity to 
the sidewalls and roof, the inter- 
mittent heating, the frequent cool- 
ing, the alternations between 
oxidizing and reducing conditions, 
the large proportion of fluorspar in 
the slag, volatilization of the fluxes, 
and the high percentage of alloy 
steels made. 

Semi-stable dolomite (S.S.D.) 
bricks have been widely adopted in 
England for basic electric side- 
walls, arches, jambs and bottoms 
and have been found superior to 
the basic refractories previously 
used. S.S.D. performs very cred- 
itably in sidewalls; one user has 
reported an increase of 50% in the 
average wall life over magnesite and 
chrome magnesite. Chrome mag- 
nesite, magnesite, S.S.D. and stable 
dolomite are all used under the 
hearth. Rammed dolomite is used 
exclusively for the actual hearth. 
S.S.D. compares favorably with 
silica and chrome magnesite in 
door arches and jambs and is 
decidedly better than magnesite 
and firebrick. The highest taphole 
life was quoted for S.S.D. Sidewalls 
of the Greaves Etchells conducting- 
hearth furnace are also being made 
successfully of S.S.D. A trial under 
severe conditions of S.S.D. for the 
roof of a four-ton furnace was 
promising. Such a roof makes pos- 
sible a higher furnace temperature 
and materially increased sidewall 
life. Cutting and mechanical abuse 
during installation should be 
avoided and dry jointing material 
should be used to avoid hydration. 

Dolomite bricks stabilized 
against hydration are made in Eng- 
land by the addition of finely 
ground serpentine to the dolomite 
before firing. Boric oxide is added, 
apparently for stabilization against 
dicalcium silicate dusting. S.S.D. 
brick is made from an unstabilized 
dolomite clinker. The unstabilized 
brick represents the maximum slag 
resistance attainable (To p. 148) 

*Abstracted from “Dolomite Linings 
for Basic Electric Arc Furnaces”, by E. 
C. Brampton, H. Parnham and J. 
White. British Iron and Steel Institute 
Advance Copy, Oct. 1945, 32 p. 
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Stainless & Alloy 
Steel Castings for 
Modern Requirements! 


Experience symbolizes progress 
Atlas foundrymen having pio- 
neered many of the revolutionary 
casting methods in use today 
have the experience so necessary 
to meet modern requirements 
Complete facilities for casting al 
analyses alloys for all purposes 
—under the direction of ski 

metallurgists—assure you of the 


i: 


finest in stainless and alloy 


casting 


STaAmLass 
sree 
Castes 





ATLAS STAINLESS STEEL CASTING 
DIVISION 
ATLAS FOUNDRY COMPANY 


IRVINGTON 11, 8 














fer Combustion 





oil. gas in ‘yallers 


Sturdy Industrial Combustion Equipment 
by North American has always been used 
fer boiler firing upon, request. 


Now these pfecision syster Slare merchan- 
dised in co te groups with essential com- 
bustion and safety controls for process or 


heating boilers. — 


Multinis: bitners for volumetric tumndowns 
as low as_1/25 —single burners for simplicity 
— exceptional fuel-air ratio fidelity over en- 
tire operating range — easy maintenance — 
complete safety. 


THE NORTH AMERICAN MFG. CO. 


CLEVELAND 4, OHIO 
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NIAGARA Wee 


AFTER-COOLER ASSURES 
DRY SANDBLASTING! 





Many industrial plants answer the problems of rust 
in shot blasting and damage from condensed moisture in 
sandblasting with the NIAGARA Aero AFTER-COOLER. 
They report better than satisfactory results because of 
delivery of drier air. This is in addition to the 95°) saving 
in water costs and constant jacket water temperature 
advantages made possible by “Aero”’ cooling and the 
Niagara “‘Balanced Wet Bulb’”’ control. 


If sandblasting free from rust and moisture troubles 
is one of your objectives, be sure to send for NIAGARA 
bulletins 96 and ©8 to prove further the profits you can 
make by employing the Niagara Aero After-Cooler. 


NIAGARA BLOWER COMPANY 
Over 30 Years of Service in Industrial Air Engineering 
DEPT. MP-76, 6 E. 45th St. NEW YORK 17,N. Y. 
Field Engineering Offices in Principal Cities 


Tele Vaeeelelainics AV HEATING @ DRYING 


NIAGARA 


HUMIDIFYING @ AIR ENGINEERING EQUIPMENT 
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Furnace Lin} ngs 


(Cont. from page 146) th dolo- 
mite, short of removing the lime or 
adding large amounts of magnesite 
S.S.D. is impregnated with tar 4, 
hinder hydration. 

S.S.D. bricks fail in seryicg 
mainly by fluxing at th: Working 
face and splitting off behind the 
working face. The former is con- 
tinuous and is a more or less intrip. 
sic property of a given refractor 
in a given environment. The latter 
is common to all basic refractories 
and is intermittent and recurrent: 
it appears to vary considerably 
with different practices and differ. 
ent positions in the furnace. 

The principal materials picked 
up in the furnace are iron oxides. 
SiO., Cr.0;, MnO, sulphur, and per- 
haps Al.Os. A considerable propor- 
tion of the SiO, apparently comes 
originally from the silica roof. The 
different materials picked up show 
different powers of penetration. 
The working face of the brick terds 
to acquire increased resistance t 
fluxing while in service as a result 
of drainage and of migration of the 
lime (in the form of fusible com- 
pounds) away from the hot face. 
The zone in the immediate vicinity 
of the working face of used bricks 
consists mainly of the highly refrac- 
tory combination of spinel and 
periclase with other divalent 
oxides in solid solution. 

Flaking or splitting off of the 
brick 1 to 2 in. behind the hot face 
is believed associated with the loss 
of hot strength consequent on the 
penetration of fluxes and _ liquid 
formation. Stress is laid on_ the 
importance of maintaining ade- 
quate support at the hot face and 
of avoiding excessive undercutting. 
A few samples show a tendency 
toward spalling farther back from 
the hot face, due presumably to 
stresses and the relative weakness 
of this zone. The phases identified 
in the various zones are consistent 
with the known equilibrium phase 
data for the system CaO-Mg0-Fe0 
(FeO) -Al,0;-SiO:. 

Sulphur printing on bromide 
paper has been used to identify the 
presence of sulphide in used bricks. 
The concentration of the sulphide 
is low near the hot face and reaches 
a maximum some distance into the 
brick. This is probably responsible 
for a certain softening observed 10 
a zone immediately beyond the lim- 
its of flux penetration. 

The iron oxides in the brick 
undergo alternating oxida 
reduction; (Cont. on ] 
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inert-Arc welding is characterized by the shielding of the 
orc with on inert gas, such as argon or helium. On this job, 
tolerances were maintained within 3 mils, thus making 
further machining unnecessary, although the weld was 
within 14” of the edge of the ring, and penetration wos 
3g” deep. 


MADE POSSIBLE WITH 
: G-E INERT-ARC WELDING 


No. 3 in @ series——demonstrating the potentialities of the G-E Inert-Arc 
process for solving difficult welding problems. 





Aluminum can and is being welded 
successfully in production—without flux! 


@Diesel engine performance is improved, and weight ma- 
terially reduced by the use of oil-cooled aluminum pistons. 
But operating difficulties might develop if the expanding 
gases within the cylinder should force their way between the 
body of the piston and a cooling and lubricating ring (also 
aluminum) shrunk-fit around the piston head. 

Welding seemed the logical method for sealing permanently 
the ring to the piston, but rigid specifications had te be met. 
Absolutely no porosity could be tolerated. The joint design 
made it imperative to avoid the use of flux and the problem 
of its removal. Deep penetration was necessary to provide 
a durable seal. And while the weld was within 14” of the 
edge of the ring, tolerances must not be seriously affected. 

The manufacturer’s welding engineers and General Elec- 
tric’s welding application group agreed shortly upon the 
solution—the Inert-Arc process. The above requirements 
were met successfully, and time for the operation was even 
less than expected. 



















You, too, can weld these so-called ‘‘difficult’’ metals — 


aluminum, stainless and cold-rolled steels, 
copper and special alloys. The fee for licensing 
under the basic General Electric patents has 
been reduced to $200. Your G-E Welding 
Distributor will be glad to assist with your 
welding problems. Give him a call! General 
Electric Company, Schenectady 5, N.Y. 


With machine-welding equipment, consisting of a single welding 
head mounted on a radicl arm for flexibility, this particular 
operation required only a single pass ond no filler metal. The 
water-cooling jocket helps dissipate excess heat 


° 
COME TO G.E. FOR INERT-ARC WELDING! 


” betel le 
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The Induction Heating Corporation Engineer 
Talks to Mr. X on Crankshaft Hardening 


MR. X .... Thanks for the useful in- 
formation on the hardening of exter- 
nal and internal surfaces with your 
THER-MONIC Induction Heating 
units. However, I’m especially inter- 
ested in knowing whether your equip- 
ment can harden my crankshafts. 
That's one of my toughest problems. 


ENGINEER .... We've had excellent 
results in induction-hardening thou- 
sands of crankshafts. In fact, I'd go 
so far as to say that the hardening 
of such parts constitutes one of the 
a applications of induction heat- 
ng. 

MR. X ... That's fine! Your THER- 
— equipment is a mighty handy 
tool. 


ENGINEER .... You're right. But 
let’s get back to your crankshafts. I 
see from your blueprints that your 
mamas have a fairly small diam- 
eter. 


MR. X .... Yes, Mr. Engineer, I 
manufacture small, single-throw 
crankshafts. These require a hard- 
ened bearing surface; but at the same 
time I'd like to maintain a tough, 
unhardened core in the bearing. My 
present method is to carburize these 
crankshafts; but I'd appreciate any 
suggestions you may have on how I 
can simplify my heat-treating opera- 
tions and minimize distortion. 


ENGINEER .... I'd mae that _ 
use a hardenable, straight carbon 
steel and harden only the journal 
bearing, using a THER-MONIC 
Multi-turn Split-Type Work Coil in 
conjunction with one of our standard 
induction generators. 


MR. X .... Just what is this split 
coil and how does it work? 


ENGINEER .... For the induction 
heating of crankshafts, a split or 
hinged-t coil is used so as allow 
the insertion and subsequent removal 
of crankshafts. The THER-MONIC 
Multi-turn Split-Type Work Coil has 
two or more turns, each turn com- 
posed of a hinged copper plate. You 
simply position your crankshaft in 
the stationary lower section; then 
move the upper section down and 
clamp it to the lower section. With 
the coil closed, a continuous path for 
the flow of current is provided. In a 
matter of seconds the crankshaft is 
heated and automatically quenched 


HERMIONE 


The Most Efficient and Economical System for Induction Heating 


> 
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in place. The quenching medium is 
ne between the plates of the 
coil. 


Soeee 


MR. X .... Why didn’t you tell me 
about this crankshaft-hardening coil 
before? It’s the thing I’ve been look- 
ing for. 


ENGINEER .... Yes, Mr. X, the 
THER-MONIC Multi-turn Split-Type 
Work Coil was made specifically for 
hardening crankshafts. But don’t for- 
get about the THER-MONIC Induc- 
tion Heating Generators which sup- 
ply the high-frequency currents used 
y this type of heating coil. Most of 
the credit for the superior hardenin 
results obtained on crankshafts an 
Similar parts really belongs to these 
electronic generators. 


MR. X .... What else can your 
crankshaft-hardening coil do? 


ENGINEER .... Our THER-MONIC 
Multi-turn Split-Type Work Coil is 
ideally suited for heating any hard- 
= external surface. It has been 
widely —— to the hardening and 
brazing of camshafts and crankshafts. 
It is also used in hardening shafts 
which are flanged at their ends. We’ve 
had excellent results in brazing as- 
semblies having restricted sections 
and in similar applications, with nu- 
merous subsequent economies. 


X.... That’s just the kind of 
flexible heat-treating equipment I can 
really use. By the way, did you say 
something about economies with in- 
duction heating? 


ENGINEER .... Yes, by changing 
over to induction heating, you can 
effect substantial savings of money, 
time and labor. THER-MONIC In- 
duction Heating units have a low op- 
erating cost. By hardening only those 
=> of your crankshafts me song | 
eat-treatment, induction heating w 
eliminate your distortion problem. 
You'll get less rejects, higher output, 
and improved quality. You'll also save 
plenty of valuable man-hours and 
floor space with THER-MONIC equip- 
ment. Incidentally, induction heating 
will enable co to use ordinary hard- 
enable steels instead of the costly 
carburizing process you've been using. 
This alone will save you more money 
in a few months than the initial cost 
of your THER-MONIC Induction 
Heating equipment. 


INDUCTION HEATING CORPORATION 


THERMONIC 


389 LAFAYETTE 


me i NEW YORK 3,N.Y 
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Furnace Lin; ng 


(Starts on page 1‘ 

this is not confined sim; to the 
hot face. Analyses of the gas sam. 
ples drawn from furnaces during 
the refining period indicate tha 
very highly reducing atmospheres 
may arise at certain stages and that 
reduction of iron oxide at 291(° F 
to a stage intermediate between 
FeO and Fe,O, should be expected. 

Samples of refining period 
fumes show that the “fixed cop. 
stituents” are mainly MgO, Cad. 
iron oxide and silica, with appre- 
ciable amounts of apparently com. 
bined carbon and sulphur. These 
fumes are an important source of 
flux deposition on the refractories. 
Their compositions are such that 
basic refractories will be much less 
affected by fumes than acid. 8 


Quality Control" 


I ESPONSIBILITY for sfatistical 

quality control is centered in a 
unit of the inspection office. I 
services the major portion of Lock 
heed operations. 

In the receiving inspection sec 
tion, advantages have been obtained 
by replacing previous methods of 
sampling by more rational ones on 
a statistical basis and by substitut- 
ing sampling inspection in some 
cases for detailing. The greatest 
advantages, however, have come 
from the use of inspection data t 
evaluate vendors and to stimulate 
and assist them to improve the 
quality of their products. This pro- 
gram is in full swing on instruments 
and other government-furnished 
equipment. Vendor evaluation for 
vendors producing Lockheed parts 
is being slowly expanded. The 
statistical reports enable the field 
service representatives to single out 
trouble spots at the vendors and t 
obtain corrective action at the 
point of manufacture. 

Effective quality control requires 
location of the cause of the unsalls- 
factory product and correction a 
the source. This process has been 
facilitated by a simple system of 
record keeping involving the use of 
a set of rubber “quality stamps 
for identifica- (Cont. on 152 


*Abstracted from “Statistical Qua 
ity Control at Lockheed”, »: James 
R. Crawford and Preston C. Hamme 
Quality Control Reports, No 
1945, 17 p. 
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| No sandblasting necessary... 


This gear blank, cycle annealed in 
on ordinary furnace, has to be sand- 
blosted or pickled to remove abrasive 
scole before machining. 

















Cycle annealed in a Lithium furnace, 
a similar forging emerges bright and 
scale-free, ready for the machine 
shop without further handling. 











"al ... the Furnace that Does 2 Jobs in 1 


Typical of the faster, more economi- 
cal production possible with Lithium 
equipment is the current experience 
of a leading midwest automotive parts 
manufacturer. One Lithium furnace 
in his plant can cycle anneal and si- 
multaneously descale 50 tons of forg- 
ings every day at a cost of less than 
50 cents a ton for the descaling at- 





Li 


SEE WHAT YOU SAVE! | 


lengthens tool life. 


No acid pickling tanks needed .. . 
no more sewage disposal problems. 
Floor space used for cleaning opera- 
tions can be turned to productive 


work, 


Labor and handling costs for clean- 
ing entirely eliminated. 


Above all, TIME! Lithium does away 


with one complete operation, elimi- 
nates detours between furnace and 





machine shop! - 








mosphere . . . a fraction of the expense 
of the old-fashioned cleaning meth- 
ods which Lithium makes obsolete! 

Lithium-treated steel forgings 
emerge from this furnace free of scale, 
with the desired metallurgical struc- 
ture and hardness and ready for ma- 
chining. Thousands of these gears 
have been put through the machine 





LITHIUM 


line in this plant after Lithium de- 
scaling without further handling. 
Streamlining like this means more 
profitable operation. Let a Lithium 
representative show you how your 
production schedule can be speeded 
up and your operating costs substan- 
tially reduced by installation of this 
revolutionary equipment. 





Mhidli: lon % WRNACES 


THE LITHIUM COMPANY 


OFFICES IN: Detroit * Chicago * Cleveland + Dayton * Springfield, Mass. 
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111 Sylvan Ave., Newark 4,N_J. 










































































































































































1 of 3 FURNACES for 


TUBE TURNS BAF 


qcincoepQqgeatted>) 


LOUISVILLE 1, KENTUCKY 






































This Lansing Billet Heating 
Furnace for Forgings has capacity 
of 9000 Ibs. per hour. Temperature 
range up to 2350° F. Combination 
gas and oil firing, or either separ- 
ately, with 2-zone proportioning 
control. Pusher type mechanism is 
hydraulically operated. Work is 
automatically forwarded to con- 
veyor for transmission to forge or 
press. 







































FEEDER END 






LANSING 6 MICHIGAN 





934-36 CLARK STREET 






INDUSTRIAL HEAT TREATING FURNACES FOR: 
@ TEMPERING @ NATURALIDING 

© BRAZING 

@ CYANIDING 

@ CYCLE ANNEALING 





@ CARBURIZING 

@ NORMALIZING 

@ HARDENING 

@ ATMOSPHERE CONTROL 







@ STRESS RELIEVING 





@ ANNEALING 
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Quality Control! 


(From p. 150) tion purpos.s The 
quality stamp procedure whi 
trouble areas in production and 
tooling may be found at t} lowest 
level of supervision is p) ceeding 


smoothly. The effect of thi: method 
of obtaining better work anship 
has been most gratifying. It ha: 
functioned especially well in sy) 
assembly and assembiy depart 
ments but has encountered difficyl}, 
in fabrication departments caused 
by the existence of two shifts ana 
the impracticability of getting 
separation of the parts made unde; 
each supervisor. Here the percent 
age of rejections is kept by sections 
Whenever a point goes out of co; 
trol, it is usually easy to find and 
eliminate the contributing factors 

Statistical control of the spot 
welding process affords an examplh 
of such methods at their best. As 
the results of charts based on san 
ple coupon tests, remarkabl 
improvement in weld uniformity 
has been obtained. In the machine 
shops and fabrication areas, how- 
ever, the great variety of parts 
makes it impossible to keep charts 
on any appreciable fraction except 
in cases where certain parts are 
being rejected too frequently. Ina 
landing gear trunnion, for instance, 
difficulties with tolerances on the 
inner diameter were found to come 
from the use of a boring machine 
on heat treated material. The solu- 
tion was the use of a honing 
machine to finish the operation. 

Measurements of the output of 
inspections have been very valua- 
ble. One of the big obstacles to the 
successful use of control charts 
arose from the failure of the cus- 
tomary p-chart limits. This was 
overcome by a “moving range tech- 
nique” which treats each weekly 
value as a measure of the quality 
regardless of the number of con 
tributing parts. Rejections in the 
pre-flight shakedown and in flights 
are systematically compiled on the 
basis of the part of the plane caus 
ing trouble. These data are sent 
back to the sources of troubl 

A new “executive’s quality 
audit” summarizes the defective 
ness by departments. A weighted 
average is also given for the qualily 
level of all departments unde! each 
superintendent. Experience has 
shown that limits are useful eve? 
when set from only ten or twelve 
points. This audit gives the mae 
agement a picture of the yality 
level of the entire product! 








Pre 


“Ml 


Pre 
Fri 


Pe) 


Sal 


th 


Va 


